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FINAL PHASE II RFURI AQUIFER TEST REPORT 
903 Pad, Mound and East Trenches Areas 

Operable Unit 2 

1 0  INTRODUCTION 

The Fmal Phase 11 RFI/RI Aqulfer Test Work Plan Technrcal Memorandum 3 (TM3) for 
Operable Unit 2 (OU2)(EG&G 1992) provided a plan to evaluate the hydrauhc charactembcs 
of selected hydrostrahgraphlc settmgs wthm the surhal matenal and uppermost bedrock m the 

vicmty of the 903 Pad Mound and East Trenches areas (Figure 1) As set forth m TM3 three 

mulhple well aqulfer tests were proposed as a method of evaluatmg aqlllfer parameters 
Addihonally two tracer tests were proposed as part of the aqurfer test work plan as ongmally 
outlrned on pages 5 35 through 5-40 of the OU2 Phase 11 Work Plan (EG&G 1991a) whlch was 
mcorporated in part by the TM3 

These proposed aqulfer and tracer tests were mplemented between Apd 28 1992 and June 26 
1992 Thls report describes the field procedures analfical methods and results of the 
hydrologic and tracer testmg mplemented at OU2 

Hydrologc testmg was performed m an effort to meet the goals of TM3 and to understand the 
hydrauhc charactemhcs of the m a t e d  dmctly underlymg OU2 The goals of these tests were 
to 1) develop parameters for rate of movement calculabons (hydrauhc conducttvlty bpersiwty 

and effechve porosity) for both the bedrock and alluvial matenah and 2) mvesbgate a potenhal 
hydrauhc connecbon between the alluvlum and the bedrock. 

The Rocky Flats Alluwum collsfsts of unconsohdated poorly sorted sandy gravels to clayey 
sands and ranges up to 40 feet thlck tn OU2 These matenah unconformably overlay the 
Arapahoe Formahon claystone and sandstone bedrock. The uppermost Arapahoe sandstone IS 
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belreved to occur as a meandenng palmchannel @G&G 1991b) and as such IS not expected 

to be present umfomly under the alluwal material ~tl the OU2 area. The Rocky Flats and the 

Arapahoe Format~ons contam groundwater but have generally been described as havmg dabvely 

low hydraulic conducttvltles (EG&G 1991b and 1991c) 

Three constant rate pumprng tests one slug test, and two r a W y  convergmg tracer tests were 

conducted at the three test sltes (Figure 2) designated m TM3 The test ates represent three 
hydrologic settmgs (Figure 3) 

Test Site 1 unsaturated alluwm over saturated sandstone 

Test Site 2 saturated alluvium over saturated sandstone and 

Test Site 3 saturated alluvium over claystone 
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2 0 BACKGROUND TRENDS 

Well water levels barometnc pressm mtdmgs and preciprtatlon data for the months precedmg 
aqulfer testmg were rewewed pnor to the unplementauon of the work plan Barometnc pressure 
trends were compared to well hydrographs to mvesugate the effect of pressure changes on water 
levels Precipitabon data were reviewed wth well hydrographs to assess the rate of recharge to 

the uppermost hydrostraugraphc mt. In ad&uon barometnc pressure and PreCipitahOn data 

for the test interval at each site were rewewed to detect events whch may have affwted the 

test data. 

2 1  WATERLEVELTRENDS 

Collecuon of OU2 water level trends for the months pnor to pump testmg were conducted m 
order to ard m the selwuon of test sites and to identdy water level trends Water levels at SIX 

well parts were momtored b e g m u g  January 23 1992 and conmwd for two to five months 
using pressure transducers W e d  to stand alone battery powered electromc programmable data 

loggers (Figure 2) Hydrographs for the twelve wells are presented on Figures 4 through 9 Data 
were collected hourly at the SIX sites for varymg lengths of m e  A data gap emts for the tune 

mterval of February 26 through Aprrl 13 1992 Alluwal wells 3587 and 11491 Figures 6 and 
9) were dry and all measurements represent water retamed m the sumps below the screens The 
hydrograph of well 2487 (Figure 4) exhtbits a flat h e  as part of the curve Thrs flat h e  IS 
beheved to be due to transducer malfuncuon and represents the length of one fde Generally 
water levels rose d u g  March to peak m early Apnl m the OU2 a m .  T b  IS conslstent with 
Rocky Flats Enwonmental Database (RFEDS) data for a l l  RFP wells whch mdxate a btoncal 

hgh  for most wells m April 1992 smce the tune measurements began m 1986 
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A water level elevabon of 5921 7 feet 111 bedrock well 3687 (Site 1) measured just prior to the 
pumpmg test on Apnl29 was a hale lugher than the last data pomt recorded on March 30 for 
the same well (Figure 6) T ~ I S  suggests that there was no d e c k  111 head over that penod of 
tune It is noted that ttus contradm the bedrock water level trend apparent on the hydrographs 
of other bedrock wells wluch illsplay marked deches m water levels (Figures 4 and 7) 

Alluvial wells 11491 and 5691 (Figure 9) were momtored for months pnor to testmg at Site 2 
As noted above well 11491 was dfy for the momtomg penod. However pnor to pump testmg 
m June the water level m well 11491 rose above the sump to an elevatton of 5924 82 feet. The 
hydrograph of well 5691 mdxates a malfuncbon of the transducer The large offset between data 
pomts represents the change m water level durrng the data gap created by resettmg the data 

logger reference to a hand measurement, and 1s conslstent wth the flse 111 water levels seen 
elsewhere m OU2 wells 

Declrnrng water levels 111 both the alluvlal matenal and bedrock was an unportant considemuon 
m the scheduhg of tests and the mampulabon of test data pnor to analysls Site 3 wells were 
not momtored m the months pnor to pump teshng m late May However recovery and 
background trends collected after the drawdown phase of the pumpmg test support a dechng 
water level trend consustent wth that Seen 111 the hydrographs of other OU2 wells 111 late Apnl 
and May (Figures 4 and 7) A thrn saturated alluvlal thickness combmed wlth d e c b g  water 
levels necessitated the use of a penstalttc pump after dfliculty was experienced mamtammg a 

constant flow rate wth the submersible pump 

2 2  BAROMETRICPRESSURE 

Atmosphenc pressure IS momtored at the Rocky Flats Plant and was furtllshed by EG&G m 
tabular form for the penod from January through June 1992 A graphcal mpresentabon of the 
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baromemc pressure over the testmg penod IS presented m Figure 10 The piezomemc levels of 
confined aqurfers may be dluenced by atmosphenc pressure changes whereas unconfined 
aqu~ers usually show no fluctuahon due to atmosphenc pressure changes Baromemc pressure 
curves for the drawdown phase of the pumplng test at each site are presented m Figures 11 12 
and 13 

Sandstone No 1 at Site 1 IS bounded by lower permeabrllty claystone (Figure 3) However the 

piezometnc level at the tune of observahon was beneath the hydrauhc c o n f i g  layer and hence 
Sandstone No 1 responded as an unconfined aqurfer to vamhons m baromemc pressure The 

aqufers at Sites 2 and 3 exst as unconfined aqufers and theRfore baromemc pressure IS not 
beheved to have had an effect d m g  the tune of observahon 

2 3  PRECIPITATION 

Precipitahon IS momtored at the Rocky Flats Plant and was furntshed by EG&G rn tabular form 
for the penod from January through June 1992 A graphcal presentahon of the ramfall IS also 

shown on Figure 10 Ramfall accumulahons for the drawdown phase of the pumpmg test at each 

site are presented m Figures 11 12 and 13 Recharge to the tested formabon rehes on 
precipitabon diltrabon withrn the f d t y  boundary D u g  the measured perrods recharge was 
low and well water levels throughout OU2 were IU d e c h e  There was no measurable 
precipitauon durrng the testmg penod at Site 1 D m g  the testrng at Sites 2 and 3 ramfall did 
occur however recharge to the aqurfer was not ewdent dunng the drawdown and recovery 

phases 
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3 0 FIELD PROCEDURE 

Three pumpmg tests a slug test and two tracer tests were conducted at the three test sites to 

evaluate aqurfer parameters The pumpmg tests were constant rate the tracer tests were r a W y  
convergmg that IS mduced w e n t ,  and the slug test was nsmg head 

I 

All three test sites are wthm OU2 and near known TCE laden groundwater plumes An 
exclusion zone was configured at each site such that all open wells and storage contamers for 
pumped water were located wthm the exclusion zone The zone was marked wth yellow 
cauaon tape (Figure 14) and Personal Protectwe Equrpment consistent wth level D was worn 
by a l l  field personnel 

Power was supphed by a portable generator A 230-volt altematlng current, gasohe powered 
generator used at Site 1 had a small fuel tank whch requmd the use of a second generator as 

change out for mamtenance and refuehg of the fmt so as to mmmlze the mterruphons to power 
d m g  the length of the test. A aesel generator wth a large volume fuel tank was used at the 
other two sites (Figure 15) whch e h m t e d  the need for a second generator and concomitant 
refuehg 

Pumped water was contamed m 16 Wgallon capacity frac tanks (Figure 16) one each at Sites 

2 and 3 and two at Site 1 W p e d  water discharged dmctly mto the frac tanks v18 the 
ascharge h e  

Water levels were recorded conttnuously by 2channel data loggers each capable of servmg two 

transducers The data loggers were housed m loclung metal fhg cabmets secured to well 
m g s  (Figure 17) Transducer cables whch were placed above the land surface were 
protected by PVC condmt fiom both the elements and rodents Site 1 well transducers were 0 
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paued to data loggers as follows 3687 and OB20991 3587 (no data) and PW20691 OB21091 
was not paved. Site 2 well transducers were paued to data loggers as follows OB20191 and 
OB20291 OB20491 and OB21191 5691 and 11491 well 12491 was not pared. Site 3 well 

transducers were paued to data loggers as follows OB20591 and PW20691 OB20791 and 1787 

The method of measunng water levels m wells from the top of the mer casmg ac mark as set 

forth m SOP GW 01 (EG&G 1991d) was not employed. A number of the new wells had not 

been surveyed, and no uc marks exlsted In the mterest of consistency and to faahtate rapid 

measurements of water levels measurements were made from the top of the protectwe caslng 

(TOPC) Decontammaaon was accomphshed usmg a two-towel in hand systcm whereby the fmt 

towel was wetted m a Liqunox solutlon and the second towel was wetted 111 clear CfiStdled water 

The measunng tape was run through the towels so that the tape was first wetted wth the 

Liqumox soluaon and then nnsed m the clear water Thrs allowed rapid water level 

measurements Acldmonally smce groundwater chemistry samples were not bemg collected, 
decontammaaon of the water level tape between wells usmg thls method was beheved to be 

adequate Hand water level measurements were made wth  several Mferent brands of electnc 

water level meters to an accuracy of 01 foot A rod and placement markers for the rod on the 

top of the protectwe casmg msured consistent reference pomts for tape measurements 

@ 

Equipment used at each site mcluded an O W  ThennoEnmnmental Instruments Model 500B 
cahbrated to 100 ppm isobutylene an Onon pH meter Model SA250 cahbrated wth pH 7 and 
10 buffer soluaons and also capable of measunng temperature and a Fischer Saenafic Speclfic 

Conductance Meter Model 152 (Figure 18) cahbrated at lo00 microSiemens per centmeter 

( S/cm) at 25 "C 
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A Grundfos Redi Flo II submersible pump (Figure 19) was used at Sites 1 and 2 However for 
the extremely low flow rates at Site 3 a Geotech pemtalhc pump was used Check valves 
located at the pump were used at all three sites Ducharge tubmg from the pump conveyed 
pumped water through a cut-off valve through a flow meter past another cut off valve and 
eventually rnto the frat tank. Manual checks m the flow rate were ma& wth a graduated 
contamer and a stopwatch at Site 1 and a graduated cyhder  and a stopwatch at Sites 2 and 3 

Synchromzed stopwatches were used by all field personnel 
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4 0 ANALYTICAL METHOM 

The pumpmg test data were analyzed by three methods the Tbels (1935) method the Cooper 
Jacob (1946) method and the Thels Recovery (1935) method. The Cooper Jacob and Theis 

Recovery methods of analysls were performed as checks on the Thels curve fittmg Slug test 
data were analyzed umg a method descnbed by Bouwer and Rxe (1976) The tracer test data 
were analyzed unth a solutton for rahally convergmg flow condibons (Sauty 1980) A bnef 
summary of the theory and assumpt~ons behmd each method 1s provided m the followmg 
secttons For a more complete descnptton refer to Lohman (1979) Kruseman and De hdder 
(1983) or the cited reference The method of analymg for duecttonal hydrauhc conducmty 
(Papadopolus 1%5) as drscussed m Th43 was not used as the duecttonal well field spamg at 
each of the sites was deemed mappropnate for this method of analysrs 

4 1 PUMPING TEST ANALYSIS 

4 1 1 Theis Method for Unconfined Aqufers 

The Thels method (1935) was orrginally mtended for the analyss of confined aqurfers However 
it can be successfully apphed to unconfined aqufecs The "Eels solutton assumes a mnstant 
saturated hckness throughout the dumaon of the pumpmg test Because the saturated thickness 

decreases for unconfined aqurfers subjected to pumping the drawdown must be adjusted w g  
the method of Jacob (1963) 

The tune drawdown relat~onshlp for unconfined aqwfers often goes through three phases when 
subjected to pumpmg (Freeze and Chew 1979) Dung early stages of pumpmg unconfined 
aqurfer response may resemble that of a confined aqutfer due to the expansion of water and 

compachon of the aqurfer The tune drawdown curve wdl resemble the Thers m e  Dunng the e 



@ EG&G ROCKY FLATS PLANT Reridon No. 0 DrPnFinal 
Final Phase II RFI/RI Aquifer Test Report Page 10 d60 
903 Pa4 Mound d East Trenches Area mh August 14,1!W2 
(Operabk Unit No. 2) orguriv- Environmental Management 

second phase the tune drawdown curve may show a decrease m slope due to grawty dramage 
Dmng the thud phase tune drawdown curves wdl agam resemble the "hers curve Under ideal 

condihons the Thels curve may be matched to the early or late data. However the storage 
parameter calculated using early port~ons of the tune drawdown curve wdl be III the range of 
storahvity for a conf'iied aqurfer Storage parameters calculated usmg late port~ons of the curve 
will be m the range of speclfic yeld for an unconfined aqder and should be used to estimate 
the long term behavior of the aqurfer The values should be used with cauuon because of the 
potenhal for measurement error and assumpuons of the analyzed solubon 

The AQTESOLV (Geraghty & Mdler 1989) program was used to apply the method of Theis for 
unconfined aqulfers This program accepts a maxlIIlum of 2000 tune drawdown data paus 
Because the amount of data for the pumpmg test conducted on all holes greatly exceeded 2000 
the number of data pavs was reduced usmg an 111 house code that allows the user to selechvely 
remove data paus from the ASCII fde whrle keeprng representatwe pomts from the total span 

of the test. AQTESOLV (Geraghty & Miller 1989) has two optrons the user may manually fit 
the Theis curve to a log log plot of the data or use an automated estunauon rouhne that uses a 
non hear  least squares regression to match the Thels curve to all data pornts The fvst OphOn 
was preferred for the analysls as it faahtates ident&auon of data pome that do not conform to 
the assumptions of the Thels method Because the aqwfer is unconfiid the drawdown must be 
corrected usig the method of Jacob (1963) The corrected drawdown s is defined as 

0 
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where s is the measured drawdown and b 1s the saturated th~~kness T ~ I S  correchon IS made 

automatdly by AQTESOLV (Geraghty & M e r  1989) 

4 1 2  Cooper JacobMethod 

Cooper and Jacob (1946) showed that for values of u 0 01 all but the first two terms m the 
d m i t e  Senes expansion of the well funchon can be omitted Asswung a Value of u 0 01 a 
hear  relatronshp exlStS between W(u) and log(u) (or ln(u)) and hence the hear relabowlup 
between drawdown s and log(t) used m the followmg equahon 

However by plotung W(u) versus log(u) it can be shown that a hear relatrodup emts for 

values less than 0 1 A plot of W(u) versus log(@ IS presented m Figure 20 Umg this value 
may mtroduce some error but the e m r  should be m o r  

Pump test data was analyzed usmg the method of Cooper and Jacob as follows 

0 Followmg data reducbon the data was mported mto a spreadsheet and a semi log 
plot of tune versus corrected drawdown was created for each well 

A least squares regression was performed on the hear pornon of the plot. The 
slope ds /dlog(t) was subsbtuted mto the above equatton 

0 The value of u was checked to make sure IS was S O  1 and 
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I 

0 S was calculated usrng the value of &, detennmed from the regression equabon and 
T from the prewous analym 

I 
I 4 1 3 Thels Recovery Method 

The method of Theis (1935) can also be apphed to analymg recovery data. The solutton 1s 

denved by supemposmg an mjecbon well over a dischargrng well (or wsa versa) 

The Theis recovery method was used as a check on the Theu and Cooper Jacob analyses Sem 
log plots of drawdown s versus t/t were created from the test data. A least 4uares regmaon 
was performed on the h e a r  pornon of the plot m a manner idenbcal to the Cooper Jacob 

analysis The slope was subshtuted rnto the followrng equabon 

0 
2309 

ds 
T =  

4A- 

4 2 SLUG TEST ANALYSIS 

4 2 1 Bouwer and hce Method 

Slug test data were analyzed usrng AQTESOLV (Geraghty & Mlller 1989) to apply the method 
of Bower and hce (1976) Thts method is based on the 'hem equabon and prowdes a solubon 
for hydrauhc conducttvity calculated from the me of the water level m a well after a volume of 
water is instantaneously removed This method can be apphed to fully andor pmally 
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penetratmg wells rn unconfined aqufers It prowdes an eshmate of the hydrauhc conductmy 

of the aqufer around the screened or open portlon of the well 

4 3 TRACER TEST ANALYSIS 

4 3 1 Converging hQal Method 

A method outhed by Sauty (1980) prowdes an appromate analyt~cal solutlon for convergrng 
radral flow tracer tests FIow COnQhOnS may rnclude hear €low with one and two dunensional 
&persion and raQal convergmg and Qvergrng flow Ihe appromate analytical solubon to the 

transport equabon IS transposed into dunensionless concentrahon (C,) dunensionless tune (tJ 

and the Peclet number (P) The Peclet number IS defrned as 

where R IS the d~~tance from the rnJecQon well to the d e m o n  well and 0 ~ .  IS longtuhal 

dispersivity The appromate soluQons are presented as a series of type curves showmg C, 
versus c for vmous values of P and as analytical equat~ons when avarlable Type curves for 
convergmg and Qvergmg flow were generated w g  a finrte Merence appromabon mce no 
exact analyt~cal solut~ons emt. Appromate analytical solut~ons (type curves) are nearly equal 

to the fmte ddference appromattons for Peclet numbers greater than about 10 for slug rnjecbon 
(Sauty 1980) 

The tracer test data can be analyzed wth a curve matchmg procedure to find values of P and real 

tune t, correspondmg to = 1 on the type curves The equmon above IS then solved for % 

usmg the resultmg Peclet number Kmematrc poroslty IS then atmated m g  the equaaon below 
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I that was denved usrng Dsrcy s Law The value of k rn the equauon below 1s detennmed mng 

the relattondup c = t& where t cornponds to c =1 from the curve matchmg procedure 

where 
mjecuon well to the detechon well r = w2 h 1s the aqd' thxkness and ~r 1s pi 

1s the kmemahc (effechve) poroslty Q 1s the pumpmg rate R 1s the &stance from the 



5 0  SITE1 

5 1  TESTDESIGN 

I 
I Site 1 was selected to evaluate the hydrauhc charactemtrcs of the uppennost Arapahoe Formatron 

sandstone exlstmg as an unconfined aqufer In thu settmg the sandstone IS separated Erom the 

Rocky Flats Alluvlum by claystone (Figure 3) The alluvnun was dry as expected based on 

hstorrcal and background water level data for the exlstmg alluvlal well 3587 

Well field spacmg and mstallatlon and completlon speclficatlons as set forth m TM3 were based 

upon hydrogeologcal parameters denved from logs of wells wthm the test slte area, alluvlal well 
3587 and bedrock well 3687 In ad&taon prelunmary analpd estmates of the expected rad~us 

of mfluence and the effects of wellbore storage delayed yxld and boundaries were calculated 
using the hydrogeological charactemtrcs of well 3687 

Site 1 reqwred the mtallatlon of three addmonal wells two bedrock observatlon wells (OB20991 
and OB21091) and one pumpmg well (PW20891) wNe u-g exstmg wells 3687 and 3587 
Figure 21 flustrates the COmpIetlOn mtervals of the wells Figure 22 illustrates the ra&al offset 

of the new and emtmg observatlon wells from the pumpmg well. 

D n h g  began wth the observatlon well closest to the proposed locatlon of the pumpmg well so 

that the pumpmg well could be relocated If necessary The core of thls well OB20991 was 
examrned by the EG&G hydrogeologst and was found to be conswtent wth the test scenano 
A step drawdown test was not conducted sl~lce the hthology of OB20991 was as expected and 

the design spacmg was considered optmal for the exlstmg hydrogeologc con&tlons of Site 1 

Compleuon and well design anfornabon for all of the wells at Site 1 IS supplled m Table 1 

A &I 
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The pumpmg well PW20891 was mtalled m a 10-mch barehole that was dnlled to a depth of 
64 feet. Thrs well cons~~ts of a 2 mch Qameter casmg/meen and IS open from 18 0 to 64 0 feet 

below ground surface The formauon of compleuon IS Arapahoe Formauon Sandstone No 1 

Thrs well was not cored however the hthology IS assumed to be srmrlar to observahon well 

OB20991 located approxunately 5 7 feet to the south and to observatton well 3687 located 10 73 

feet to the east. 

Observauon well 3587 prewously installed had been drilled to a depth of 14 4 feet, and IS open 

from 3 0 to 9 75 feet below surface The formabon of compleuon IS the Rocky Flats Alluwum 

consistmg of gravel, clayey sand and clay Sllty claystone of the Arapahoe Formauon IS present 

below 9 1 feet. Observauon wells 3687 OB20991 and OB21091 fully penetrate the uppermost 

Arapahoe sandstone The radlal btances of observatton wells OB20991 3687 and OB21091 

from the pumpmg well were 569 1073 and 2098 feet, respechvely (Figure 22) Well 

construcuon and htholog~c mformauon for all wells IS gwen m Appendm A Well development 

mformation for the new wells IS also pmwded m Appendu A. 

0 

The test mterval at &IS site vanes from 42 to 48 feet h c k  and the textures range from clayey 
sandstone and slltstone to well sorted sandstones wth urfrequent sandy claystone and claystone 

layers Sandstone occurs at 17 to 21 feet below ground surface and IS separated from the 

alluvium by a 8 to 12 foot thlck claystone layer At the begmug of the pumpmg test, water 

levels ranged between 27 and 28 feet below ground surface The thickness of the saturated 

mterval at the me of the pumpmg test m the bedrock wells ranged from 28 1 feet m well 

OB20991 to 332 feet m both OB21091 and 3687 The tbckness represents the total porous 
mterval (sandstone layers only) below the elevauon of the water m the wells Although an 8 to 
12 foot thick claystone layer separates the sandstone from the alluvium the water level IS below 

the claystone contact mdicatmg unconfined aqulfer conQhons. 

L 
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Two geologc cross sectrolls were constructed to dustrate the hydrogeologx sethng at the test 
site Figures 23 and 24 present the hthologc and hydrologx dew at Site 1 

5 2 DATA COLLECTION 

The five wells used m the pumpmg test were configured far electromc data loggmg of water 
levels The Re& Ho II submemble pump discharge tublng safety cable elecmc lure transducer 
cable and drawdown tube were chpped together at five foot mtervals pnor to bemg lowered mto 
the pumpmg well The drawdown tube conslstmg of notched polyethylene pipe allowed clear 
access through the well for electromc tape readlngs of the water level The pump was set at 45 

feet below the top of protectwe casmg cn>pc) and five feet below the transducer 

' 0 5 2 1  StepDrawdownTest 

c 

As set forth m SOP GW 08 (EG&G 1991d) an evaluahcm of the expected yield w g  a 

prehmmary step drawdown test was performed (Appendur B) Results of thu test were used to 

estlmate a pumpmg rate the durauon of the effects of wellbore storage and the rad~us of 
mfluence The m8xLmum drawdown m the pumpmg well was pred~cted by extrapolatmg the rate 
of drawdown on a sem Iog graph through the proposed dmhon of the test. Results of thts test 
mdicated that all observabon wells would be wthm the drawdown cone and that a pumpmg rate 
of 1 6 gallons per m u t e  (gpm) would be opttmal A m8xIlIIum drawdown of 7 65 feet (25% 

of the saturated hckness) was not expected to occur d m g  the duraoon of the pumpmg test. 
The durauon of the effects of wellbore storage was expected to be msigmfkant. 
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5 2 2  PumpmgTest 

The constant rate pumpmg test began at 1730 hours on Apnl 28 1992 With the cud of 
synchronued stop watches the pump and the data loggers were started multaneously The 
pump was shut down at 1723 hours on May 4 concludmg an 8633 m u t e  pumpmg period 

Drawdown recovery data, and antecedent water level treads were recorded (Appendm B) The 

test concluded at 1348 hours on May 11 1992 concludmg a 10080 m u t e  durahon recovery 
period 

The pumpmg test uhhzed well PW20891 as the pumpmg well and wells 3687 OB21091 and 
OB20991 as observauon wells Observahon well 3587 was dry Water level Informahon for 
these wells just pnor to pumprng test start at 1730 hours on Apnl28 1992 IS given m Table 1 

These levels were measured usmg electnc tapes referenced to TOPC 

The maxunum allowable drawdown m the pumpmg well was estrmated to be 7 65 feet. Thls 
drawdown IS equivalent to 25% of the assumed saturated tiuckness of the pumpmg well The 
saturated hckness of the pumpmg well 3061 feet, was based on the average saturated 
hcknesses of wells OB20991 and 3687 and the stahc water level measured just before the test 
began (Table 1) The total drawdown m the pumprng well at the end of 5 days of pumpmg was 
approxmately 7 0 feet, less than the m u m  allowable ctrawdown Maxunum drawdowns m 
the observatlon wells ranged from 5 7 feet m well OB20991 to 4 3 feet m well 3687 CFigUre 25) 
and to 3 5 feet m well OB21091 



Revipion No.. 0, Draft Finrrl 
19 d60 Final P h e  II RFYRI AqaUec Teat Report Page 

903 Pad, Mound and Ibt Trenchem Area mk Augast 14,1992 
(Operabk Unit No. 2) Org.IdZat&& EaviFoamtnblMaMgemeat 

0 EG&GROCWFLATSPWNT 

~~ ~~ ~ ~~ ~~~ 

Recovery and p t  pumpmg background water level data were collected for almost 7 days A 

background trend was judged to be migmficant based on the followmg 

1) After 7000 mutes mto recovery well 3687 recovered to wthm 0 3 feet of the 

stabc water level pnor to the start of pwnpmg almost 11 days earher representmg 
less than 0 03 feet of background water level d e c h  per day (Figure 25) 

2) The= IS no clear trend present 111 the recovery data (Figwe 25) and 

3) There IS no mdnuon of d !echg  water levels for ths  well as dwussed m 

Sectlon 2 1 

5 2 2 1 Factors Affecttng the Test 

The electrrc generator for the pump requved penod~c mmtenance whch necessitated power 
termmabon and mtermpbon of pumpmg The penod of mtemptzon was generally less than 10 
seconds The fmt mmtenance was done 154 mutes mto tbe test, eleven addmonal generator 
swtch-overs wth short power mterrupt~ons were done and are mdmted on the tune-drawdown 

graph for well 3687 (Figure 26) 

The flow meter (totaher) connected to the Qscharge outflow &d not funcbon properly An 
aux&ary method was employed usfng a graduated contamer and stopwatch. The Grundfos Re& 
Flo II was set at 200 Hz and the flow rate adjusted to 162 gpm appromately Figure 31 

mdicates tunes throughout the Site 1 pumpmg test when well 36-87 discharge flow rates we= 
measured over the drawdown (pumpmg) phase These flow rate measurements (34 total) ranged 
from 1 54 to 1 64 gpm wth an average flow rate of 1 59 gpm Tlae tune mterval wth the best 

I- * 
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Theis curve and strcught lme fit 1s between 10 and lo00 m u t e s  Durrng thu penod the flow 
rate was 162 gpm Flow rates measured throughout the a q d e r  test are provided m Appendix 
B 

5 2 2 2 Quahty Assurance 

The results of data analysls methods for constant rate drawdown aqurfer tests am most accurate 

when dmharge rates are constant durrng pumpmg and the grahent mduced at the pumpmg well 
is not affected Pumpmg rates vaned d m g  the Site 1 pwnpmg test. 

The equpment h i t a b o m  such as generator mmtenance mtervals andlor swtch overs as 

discussed m Sechon 5 2 2 1 necessitated pauses of about 10 seconds or less m power to the 
pump m well PW20891 In ad&bon it was observed that the check valve located at the pump 
was not funcuonmg properly thus f a h g  to retam water m the riser tubmg Consequently 
d m g  shutoff the pumpmg well received a slug of water whch m turn caused a bnef local 

recharge event. Both of these events were of short durauon and were considemi lnsigntficant 
with regard to the aqwfer analysu 

Tape measurements of the water levels m the well were used to venfy transducer data. The 
electrow data recorded m the pumpmg well were em& This may have been due to the 
electromagnets mterference wth the transducer caused by the pump Where a jump o c c m d  

111 the transducer data, the curve was adjusted to reflect the hand measured water levels Mmor 
fluctuattons were observed m transducer data from the obsemauon wells as well These were 
also adjusted to hand measurements These fluctu&ons were comadent wth the ends of files 
as a result of the settmg of new reference levels however some are unexplamed shifts m the 

middle of files Transducer data and tape measurements for the wells 111 Site 1 are mcluded m 
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5 2 3 Water Quality Parameters 

Dwharge water was per~od~cally checked usmg approprmte on site rnstruments to determme 
pH specrfic conductance (SC) and temperature Headspace gases at the wells were sunllarly 
checked for total volatdes. The pH of the dmharge water ranged from 6 8 to 7 5 and the SC 

ranged from 660 to 790 Wcrn at 25°C Orgmc vapor measured m parts per mdhon (ppm) Qd 

not exceed 0 0 ppm m the breathmg zones at all wells 

5 2 4  TracerTest 

A ra&d flow mduced gra&ent tracer test was conducted at Site 1 to prowde estunates of 
dlspersivity and effecuve porosity The test was combrned wth the pumprng test to make use 
of the mduced grahent whlch extended r a W y  from the pumpmg well 

Potassium bromide (KBr) rather than Rhodamme WT as specrfied 111 the OU2 work plan and 
SC were used as traceable sources to make use of analflcal equipment already avadable on 
plant ate A rewew of the lrterature m&cated that bromide IS a conservative tracer and would 
be suitable for use m OU2 (Daws 1985) 

The tracer test conducted at Site 1 used well OB20991 as the mjectlon well and well PW20891 
as the detecuon well (Figure 22) The OU2 Work Plan mcorporated by TM3 calls for five days 
of pumpmg pnor to the mtroductton of tracer Thls IS to assure a constant gradlent between the 
mjecbon well and the detectron well smce steady state con&trons are necess8cy for the analym 
of ra&ally convergmg tracer tests (Sauty 1980) After 96 hours of pumpmg drawdown data 

from wells OB20991 and PW20891 mdrcated that the gmhent was at steady state and had been 
so for 24 hours of pumprng Smce steady state condiuons had been acheved contmued pumpmg 
to samfy the 5 day pumprng penod condmon set forth m TM3 would not have enhanced test 
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condiuons Consequently the tracer test was begun after 4 days of pumpmg at 1951 hours on 
May 2 1992 Data were collected untll the pump was shut down at 1723 hours on May 4 a 
pen& of 45 5 hwrs Water level data were collected throughout the tracer test to momtor the 

hydrauhc gradient. 

5 2 4 1 Introductton of Tracer mto the Aqulfer 

An mttal mass of 3 5 pounds of reagent grade KBr was drssolved m one gallon of dmlled 

water Complete mlxmg of the solute m the casmg was accompltshed by usmg tubmg and a 
funnel The tubmg was lowered mto the well untrl its lower end was appromately two-tlurds 

of the way down the screened mterval The funnel was fitted to the tubmg and the KBr solute 
was poured mto the funnel as the tubrng was pulled up through the middle thud of the screened 
mterval of well OB20991 After all of the solute had been mtroduced mu) the well the mbmg 
was lowered and m d  rapidly several tunes to a d  m mmng 

5 2 4 2 Procedure for Collectton of Field Data 

Pnor to the mtroducuon of the tracer the SC of the pumped water was measured to estabhsh a 

background readrng A Fwher Sclentlfc Specdlc Conductance meter was cahbrated usmg a 
standard soluhon as specfled by the manufacturer After lntroductron of the KBr tracer to the 

mjecuon well SC measurements of pumped water (from the detectton well) were made every 30 

mmutes u n a  the mdmgs macated a rapid me m the SC At this pomt m tune measurements 
were made every 15 mmutes through the peak of conductance Samples were collected for later 
laboratory measurement of bromide ion (Br) and SC The field SC peak was detected rn well 
PW20891 at 1930 horn on May 3 (Figure 27) No conelabon was found to exlst between 
values of field SC and temperature (Appendm C) Field !SC values are gven rn Appendu C 
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5 2 4 3 Procedure for Collectton of Laboratory Data 

The response of a pH meter Onon Model SA250 eq-d with a bromide speclfic ion 
electrode was used to measure the bromide concentrabon m mrllrvolts (mV) of the samples 
collected m the field The results were compared to a cahbrabon curve to determme 
corresponding brormde concentmuon The SC of the samples was also measured usmg the 
Rscher Scient.& meter The results and the cahbrauon curye are presented m Appendur C 

The pH meter reference electrode was fiUed wth electrode soluhon The bromide electrode was 
checked for acceptable performance as follows Two m W t e r s  (ml) of 5 Molar (M) s d u m  
tlltrate (NaNOJ also referred to as IONC Strength Adjustor (ISA) was added to a beaker 
contamng dmlled water and the reference and bromde electrodes One ml of 0 1 &J KBr was 
added to the beaker and the resultrng readmg was noted Then 10 ml more of the 0 1 M soluuon 
was added and the readmg noted Because the drfference between the two readmgs was between 
54 mV and 80 mV per decade the electrode performance was determmed to be acceptable 

Precalculated masses of reagent grade KBr were weighed and placed 111 lWml graduated 
cyhders The cyhnders were then filled to the lOeml mark mth dmlled water to produce 0 01 

& 0 1 M. and 1 0 M solut~ons of the brormde ion Two ml of the ISA was added to the 100 
ml of 0 01 &J KBr solutlon and the pH meter readmg was noted Tius procedure was repeated 
with the 0 1  M and 1 M KBr solutlons and then tuwe more wth each of the three 
concentratlons to provide three meter readmgs for each known concentmuon The three readmgs 
were averaged for each concentmon A cahbrauon curve (Appendur C) was created by 

convertmg each molar concentmuon to mlUlgrams per hter (mg/L) and then calculatmg the 
equatlon of the h e  resultmg from plothng the base ten log of the concentmuon a g m  the pH 
meter readmg (m mV) 
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Each sample was measured and placed m a 100-ml graduated cyhder and 2 ml of the ISA were 
added just pnor to tIlsertrng the reference and brormde electrodes mto the sample bottle 

The resultmg mV value was used m the cabbratron equatron to convert the readmg to bromde 
m mg/L The results axe presented m graphcal form (Figure 27) dlustratmg laboratory bromide 
concentratton and field SC over elapsed tune (Appendu C) The amval tune of the laboratory 
bromide concentrabon peak IS cornstent wth that of the field SC amval tune 

5 3 ANALYSIS OF PUMPING TEST DATA 

5 3 1 Considerattons 

0 Wellbore storage effects for pumpmg well, PW20891 were evaluated usmg the Schafer method 
(1978) The tune t, at which wellbore storage effects are neghgible can be calculated as 

follows 

where t, is tune (m days) r IS radm of the well caslng (m feet) rp IS the radius of the pump 
column (m feet) and T is the transmwiwty (m gallons per day per foot (gpd/ft)) The well 
casmg diameter IS 2 mches and mstead of the pump column the well casmg accommodates 
transducer cable pump safety cable pump electrrc lrne and dmharge tubmg Therefore the 
value of rp used m the calculatron of wellbore storage lncludes the radu of all of the lmes and 
cables m the well 
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uslng r, = 0083 feet 

rp=0064feet 

T = 325 2 gpd/ft (from Table 2) 

t, = 0 003 days (4 6 mutes) 

Wellbore storage effects are neghgible after about 10 mutes  of pumpmg Therefore data from 
the fmt 10 mmutes of pumprng were not m the analym 

Delayed yield m the observmon wells of the Site No 1 well field was estmated usmg the 

method of Walton (1962) vahd for wells between 0 7 feet and 20 feet from the pumpmg well 

where t,, = tune m mrnutes beyond whch delayed yeld mpacts are neghgible 

m = aquder thickness m feet, 30 61 feet 

Sy = specrfic yeld 0 1 

K = hydrauhc conductlvlty 111 gpd/ft? 8 83 gpd/ft2 

(Table 2) 

The unpacts of delayed yield would be neghgble after 13 days of pumpmg hunpmg at Site 1 
lasted for only 6 days delayed yeld IS not apparent m the hydrograph of well PW20891 (Figures 

28 and 29) Consequently drawdown appears to be followmg the fmt Theis segment of the 

curve for water table aqulfers 

Exammatlon of the drawdown curves for well 3687 (Figures 26 30 and 3 1) and well PW2089 1 

(Figures 28 and 29) reveals no emdence of boundary effects No recharge occurred during the 



drawdown and recovery phases of the test accordmg to pmpitatron data prowded by RFEDS 
(Figure 11) 

The background water level trend was dscussed prewously and the recovery and background 
water level t end  curve for well 3687 (Figure 25) does not duplay a deche m head Therefore 
the data were analyzed unthout a background correctron 

5 3 2 Analflcal Results 

The well parameters used to analyze the test data are provlded m Table 2 The pumpmg rate 
used for analysis of the wells at Site 1 IS 1 62 gpm which 1s based on the average pumpmg rate 
for the mterval with the best Thets curve and Jacob s-he fits Values of drawdown used L I ~  the 

Thets and Cooper Jacob analyses were corrected to s Two values of saturated hcknesses used 
for calculatlons are given in Table 2 and represent the length of saturated fdter pack and the total 
saturated permeable umts "Ius provldes a range of hydraullc conductrvitres with the fdter pack 
thickness representmg the least conservatwe (or lower) estimates 

The results of the three methods of analym are comprled m Table 2 Figures 28 through 38 
present the graphical results of the three analpcal methods the Cooper Jacob stmght h e  
analysu the nets analysls and the Thes recovery analyss. The results of all three methods 
are very smlar with less than an order of magrutude Mference between methods and between 
wells The hydrauhc conducuwhes are cowtent wth that expected for well sorted fine grsuned 

sandstones Theis Recovery analysts was not performed for well PW20891 since the recovery 
curve was unpacted by the non funmomng check valve 



Storatwity values 8te also provlded m Table 2 The values axe m the range of confined aqurfer 
storauvims Tbrs IS conswent wth the delayed yleld calculattons whtch would put the Thes 
curve match as at early tune 

5 4 ANALYSIS OF TRACER TEST DATA 

Tracer test data collected at Site 1 were analyzed usmg the method outlined by Sauty (1980) for 
the approxlmate analflcd Solutm of nonreachve transport of solute materral from slug injecbon 

Type curves were generated for dunensionless tune eqwvalent to five days (Figure 39) for Peclet 
numbers 1 3 16 30 100 300 and 10oO (Figure 39) Laboratory and field data were converted 
to dunensionless concentrabons and plotted versus real tune (t) on the same scale as the type 
curves (Figures 40 and 41) The expenmental data were nsually matched to the type curves by 

overlaymg the two plots and movmg them untrl a best fit was aciueved The correspondmg 
Peclet number was determmed by mterpolatmg between the two best fittmg type curves The real 

tune t, correspondmg to = 1 on the type curves was recorded as 1 15 days for both the field 
SC and the Bf The curves were matched at P = 30 Thrs value was then used to solve for 
longitudmal dupemvlty and effecttve porosity usmg the followmg equat~ons 

@ 

R a&=- P 

a,=- 'to 
2rBh 

Parameters used for the Site 1 calculattons ate gwen m the schemahc below 



I InJtctrm well 
OB20991 

h2 I 
I R-5 69 I I -  

The value of t~ IS determmed usmg the relauonshp 

from the curve matchmg procedure 

= t& where t corresponds to = 1 

The results of the analym provide a longtudmal dspemv~ty of 0 19 ft. and a lunemaac 
(effectwe) 
porosity of 12% The value of porosity IS a reaht~c estunate for a well sorted sandstone The 

dqersivity though seemmgly small IS a Scale related parameter Tbe d~tance over whch the 

tracer traveled was 5 69 feet. The dlspemwty is conastent wth the lunited scale of the test. 
A test conducted over a longer dstance IS expected to yleld a larger value of longtudmd 
Qspersivity This value should be used m accordance wth the scale it represents 

r- 
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6 0  SITE2 

61 TESTDESIGN 

Site 2 was designed to test saturated alluvium and bedrock as a smgle hydrostratqyaphrc m t  
where they are m k t  hydrauhc connecbon (alluvium overlymg sandstone) as IS dustrated m 
Figure 3 The design for Site 2 such as well field spacing and mstallaaon and complehon 
speclficaaons was set forth 111 TM3 TM3 s specrfcaaons were based upon hydrogeologml 
parameters denved from logs of alluvlal wells 11491 and 5691 bedrock well 12491 and borehole 
11391 wthm the area of the test site In addmon prehmmary analpcal estmates of the 

expected ra&us of mfluence and the effects of wellbore storage delayed yeld and boundar~es 

were calculated usmg the hydrogeological charactenstm of those wells a 
Site 2 requved the m W o n  of five adhuonal wells two alluvlal observahon wells (OB20291 
and OB20491) two bedrock observaaon wells (OB20191 and OB21191) and one pumpmg well 
(PW20091) Two exlstmg allulnal wells (11491 and 5691) and one bedrock well (12491) were 

also u W d  as observabon wells Figure 21 Qagrammabcally illustrates the ampleuon mtervds 

of the observauon and pumpmg wells Figure 42 lllustrares the ra&al offset of the new and 
existmg observauon wells from the pumpmg well 

Ddlmg began with the bedrock observatmaon well closest to the pumpmg weU Upon e m a h o n  
of the core of this well OB20391 by the EG&G hydrogeolopt, it was determmed that the ate 
did requm close spacmg of observauon wells due to the clayey nature of the bedrock sandstone 

Smce the spacmg was already as close as was practxable step drawdown tests we* not 
conducted Cornpleaon and well design mformaaon for all wells IS supphed m Table 3 
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In an attempt to develop the pumpmg well PW20091 it was observed that the well was parhally 
obstructed m the screened mterval. The well could not be developed and was not salvageable 
as a pumpmg well Consequently the site was re-evaluated unth respect to the o n g d  test 

design to assess the practtcabhty of attempbng to mstall a new pumpmg well "hu approach 
was abandoned based on three concerns Fmt, due to the close spaclng of the observatron wells 
mstallatton of a new pumpmg well wthout mterceptmg or dsturbmg other boreholes and whde 
remammg centrally located was judged to be a difficult task. Secondly exammatton of core logs 
of the newly mstalled wells mcllcated that sandstone was separakd from the alluvium by several 
feet of claystone m the observatton wells and m the pumpmg well This separatton of the 
alluvium and sandstone deviated from the ongmal test Scenano whch was based on the logs of 
12491 and 11391 Accordmg to these logs the alluwum (layer 1) and the sandstone (layer 2) 
are m drrect hydrauhc connectton Finally even rf layers 1 and 2 am m hydrauhc connectton 
the descnphons of the sandstones on the logs of the new wells mdicate that the sandstones are 

clayey and of low hydrauhc conducttwttes Ths was consldered a problem mce the purpose of 
th~s test was to treat the utllts as two permeable layers wthm a smgle hydrostrabgraphc UNL 
Th~s would q u v e  a fully penetratmg pumpmg well wth  some observatron wells open to layer 
1 and others open to layer 2 thereby allowmg the evaluabon of the transm~~~ivittes of each ut. 
However wth most of the flow expected to come from layer 1 and very httle from the clayey 

sandstones of layer 2 the scenano was given httle chance of success 

@ 

In order to design an alternate plan step tests were conducted m both wts one m alluwal well 
OB20291 and one m a bedrock well OB20191 Responses were observed rn all of the 
observatton wells d m g  both tests Analysls of the alluvlal step test prowded an estunate of 
hydrauhc conducttvity m the range of lo3 d s e c  (Appendm B) 

An analysls of the bedrock step test m&cated a hydrauhc conducttnty m the range of 4 x lUs 
to 9 x 10' cdsec  (Appendrx B) Low pumpmg rates on the order of 0 05 to 0 075 gpm were I) 
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reqwed to m u t a r n  reasonable rates of drawdown m the bedrock. At these flow rates the 
operauon of the submersible pump would fluctuate gradually decaymg the flow rate and 

eventually ceasmg to operate At rates of 0 12 gpm and greater the pump could mamtam a 
somewhat constant flow rate but the rate of drawdown was unacceptably hgh 

The results of the step tests provided several mportant pieces of mformahon 1) the alluwum and 

the bedrock appemd to be hydrauhdy mterconnected sl~lce pumpmg m one affected the other 
2) the bedrock mated  a clayey sandstone was judged to have a low hydrauhc conductance and 
m relabon to the alluvial matenal 1s capable of transmitttng an inconsequenual amount of water 
3) the alluvial wells could be considered to be fully penetratmg wee the lower umt would not 
conmbute a substanual amount to the overall transmissiwty and 4) the pump would probably 
not provide a satsfactory constant rate of pumpmg at a rate below 0 12 gpm Based on ths 
Informahon the alluvlal well OB20291 was deslgnated the pumpmg well for an alluvlal pumprng 
test. The rematllfng s1x wells were observed for responses In ad&Uon the bedrock well 
OB20191 was slug tested and the remamng s1x wells were observed for responses 

The designated pumpmg well OB20291 was W e d  to a depth of 35 6 feet and 1s open to the 
Rocky Flats Alluwum from 16 0 to 33 3 feet. It was completed wth a two-mch dmmeter asmg 

mside a 10 mch borehole Exubng alluvml wells 11491 and 5691 and a new observabon well 
OB20491 served 8s alluwal observauon wells All are open to the Rocky Flats Alluvlum with 
well 11491 not fully penetrabng The remauung observauon wells exlsttng well 12491 and two 
new wells OB20191 and OB21191 are open to the Arapahoe sandstone Wells OB20191 and 
12491 fully penetrate the bedrock sandstone Well OB21191 1s open to the bottom 2 5 feet of 
the alluvium and all of the bedrock sandstone This well was dnlled based on hthologc 
mfomahon prowded by adjacent wells and was not cored Well logs and complehon 
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mformauon 
mcluded m Appendix A. 

mcluded m Appendix A Well development mfoxmatron for the new wells 1s also 

Pre test stauc water levels were stmrlar m both the bedrock and alluvd wells mhcatmg that the 
alluvium and bedrock sandstone emt as a smgle hydrostrahgraphc unrt m the a m  of Site 2 
Based on core logs the lateral extent of claystone present between the alluvlum and the bedrock 
may be lunited and may allow a duect rnte~co~ecbon as rllnscrated m Figure 43 

The hthology of the saturated alluvlum IS fauly untform throughout the test slte comhng 
predommantly of clayey sand some clay clayey gravel and m o r  well graded gravel Saturated 

thickness as determmed by the dstance between the water table to the top of bedrock at the tune 

of pumping ranged from 8 82 feet m well OB20491 to 12 89 feet m well 5691 "be saturated 
h3cness m the pumprng well OB20291 was 10 84 feet. 

The hthology of the bedrock IS also favly umform at the ate conssung predommtly of clayey 
sandstone sandy claystone and mmor sandstone Overall the sandstone mterval thtcknesses 
ranged from 35 feet m well 12491 to 239 feet m well OB20191 Total permeable thtckness 
(sandstone layers only) ranges from 31 5 feet rn well 12491 to 12 8 feet m well OB20191 

Two geologic cross sect~ons were constructed to ~Uustrate the hydrogeoloac semg that was 
tested F i g m  44 and 45 present the hthologic and hydrologrc dew at Site 2 

6 2 DATA COLLECTION 

Seven wells (Figure 42) morutored d w g  the pumpmg and slug tests were configured for 
electrow data loggmg of water levels A ground wlte was attached to the transducer m the 
pumpmg well and run to the data logger to avoid electromagnets mterference caused by the 
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pump The submersible pump h h a r g e  tubmg safety cable electnc h e  transducer cable and 
the ground wwe were strapped together at five foot mtervals pnor to bemg lowered mto the 

pumpmg well The pump was set at about 33 5 feet below TOFC (31 28 feet below ground 

surface) five feet below the m d u c e r  The generator had a large volume fuel tank whch 

allowed the pump to be run contrnuously without a shut-down for generator mamtenance 

6 2 1 Step drawdown Test 

As set forth m SOP GW 08 (EGgiG 1991d) the expected yreld was evaluated usmg prelunmary 

step drawdown tests one m alluwal well OB20291 and one m bedrock well OB20191 Analys~~ 

of the results of the step test m bedrock well OB20191 led to the use of a slug test to 

characterize the bedrock. The step tests are m u s s e d  in Sectlon 6 1 Results of the step test m 
alluwal well OB20291 (Appendm B) were used to esmate a pumprng rate the duration of the 
effects of wellbore storage and the ra&w of mfluence Hydtaultc conducmty was also 

estunated so that the maxunum drawdown m the pumpmg well could be prehcted Results of 

this test mQcated that all alluvial observation wells would be w i h  the drawdown cone and 

that at a pumpmg rate of 035 gpm wellbore storage would be 1I1sTglllficBnf. A maXlIllum 

drawdown of 2 7 feet (25% of the saturated th~clcness) was not expected to occur for the duration 

of the pumpmg test. 

@ 

6 2 2  PumpmgTest 

The constant rate alluwal pumpmg test began at 0917 hours on June 23 1992 With the cud of 

synchromzed stop watches the pump and the data loggers were started smultaneously The test 

ran for 1967 minutes at a pumprng rate of 0 35 gpm and then for approxrmately an additional 
90 minutes at 0 13 gpm before the generator faded. Recovery data and antecedent water level 
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trends were recorded at % m u t e  mtervals for 750 mmutes The test concluded at 0805 hours 
onJune25 1992 

The pumpmg test ubhzed alluwal well OB20291 as the pumpmg well and alluwal observahon 

wells OB20491 5691 and 11491 Also momtored were bedrock wells OB20191 OB21191 and 

well 12491 Water level mformmon for these wells just pnor to pumpmg test start IS given m 

Table 3 Depth to water m the wewield was between 21 % (OB21191) and 22 77 (OB20491) 

feet below ground surface These water levels were measured usmg electtrc tapes referenced to 
TOPC 

The maxltnum allowable drawdown m the pumpmg well was estunated to be 2 7 feet. This 1s 

equivalent to 25% of 10 87 feet, the saturated thickness of the pumpmg well OB20291 The 

saturated thickness was based on the Merence between the stauc water level elevabon and the 

elevauon of bedrock (Table 3) 

After the pumpmg test had been mnmg for almost 24 hours it was noted that the rate of 
drawdown m the pumpmg well mreased sharply at about lo00 mmutes causmg the m m u m  
allowable drawdown to be met. "Ius mhcated that effects srmriar to that of a low penneabhty 

zone had been felt (Figure 46) At the request of the EGBtG hydrogeologst, pumpmg at 0 35 
gpm was contrnued m an effort to define the possible low permeabrlrty boundary At about 1850 

minutes after pumpmg had started the water level drew down below the transducer m the 

pumpmg well A new pumpmg rate of 0 13 gpm was used to reduce the rad~us of the drawdown 

cone to avoid mtefierence by the possible low permeabrlrty zone The pumpmg rate was adjusted 

at 1804 hours June 24 The generator faded approxmately 90 m u t e s  followmg the reductton 

of pumpmg rate The pumpmg test, mcludmg recovery tune ran for 1 day 22 hours and 48 

mmutes (2808 mmutes) 
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The total drawdown m the pumpmg well dunng pumpmg fell to 458 feet, well beyond the 

maxllllum allowable Maxunum drawdowns 111 the alluwal observation wells ranged from 0 84 
m well 5691 to 052 feet m well 11491 and to 054 feet m well OB20491 Drawdowns 
occurred m all of the bedrock wells mcludmg 0 45 feet 1 ~ 1  well OB21191 0 33 feet m well 
OB20191 and 0 23 feet m well 12491 clearly mdicamg a strong hydraulic mterconnecuon 

The recovery data recorded for wells OB20491 and OB21191 are presented m Figure 47 Two 
observauons are notable 1) the bedrock and alluvlal wells have slmllar background trends and 
2) approxlmately 0 3 feet of drawdown had not recovered These observmons an? apparent on 
the hydrographs for the drawdown and recovery phases of all of the wells wth the exceptlon of 

the pumpmg well whch recovered completely 

6 2 2 1 Factors Affecting the Test 

As menboned above due to generator fadure the pump was shut down and as a result, the wells 
recovered The generator could not be re started without mtallabon of a new fuel pump Even 
though the test Qd not run as long as was desmd the drawdown data were found to be 
analyzable 

Smce the flow meter connected to the k h a r g e  outflow Qd not funcuon properly an auxtltary 
method of using a graduated cyhnder and stopwatch was used. The Grundfos Red1 Flo II was 
set at 170 Hz and the flow rate adjusted to approxlmately 0 35 gpm The flow rate remamed 
f u l y  constant, with a gradual decrease m rate from 0 35 to 0 32 gpm 111 the first 24 hours of 

pumpmg Over the next 10 hours it decreased another 0 016 gpm to 0 31 The tune mterval 

selected as most appropriate for aqulfer analys~~ was the first 1 OOO mmuteS During the Eirst 
1 OOO mmutes the flow rate averaged 0 34 gpm Adbuonally for the fvst 8x hours of pumpmg 
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the flow rate was known to have iemamed constant at 0 35 gpm 
throughout the aqufer test are prowded m Appendur B 

Pumprng rates measured 

6 2 2 2  QualltyAssurance 

The data used for analyas of constant rate aquder tests do not q u m  adjustment d dscharge 
rates are constant dunng pumpmg and no other stresses occurred d m g  the test penod Neither 
of these effects are considered to have occurred durrng the Site 2 pumping test. The pumpmg 
rate can be considered to have remamed constant at 0 35 gpm and the background water level 
trend appears constant. The hydrographs for drawdown and recovery phases of wells OB20491 

and OB21191 (Figure 47) mQcate that the water level remamed fauly constant durrng the 12 
hours of recovery data. However there IS a net loss of 0 3 feet during the test. Thls net loss is 
not compatlble wth background data acqulred dunng the slug test conducted ~II well OB20191 
whxh mdicated steady conQtlons It IS possible that delayed yeld from storage may have 
mhlbited recovery of the obsematlon wells and that extended recovery measurements would have 
shown complete recovery If the pmciple of delayed yleld IS apphed to the development of a 
theoretlcal recovery curve for a water table aqurfer there wdl be a flat mterval m the curve when 
both the positlve and negatlve drawdown are on the flat section of the water table drawdown 
curve Drawdown data were not adjusted pnor to analysls 

0 

Although recovery data was recorded after the generator faded the data loggers were not 
recordmg data logmthmically The tune steps for measurement of data pornts were too coarse 
to allow a charactemtlon of the curve and therefore the data could not be analyzed for 
hydrauhc parameters Addtlonally the pumprng rate had been adjusted pnor to generator frulure 

whch would have comprommd the accuracy of a recovery analyss 
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Manual measurements of the water levels m the well were used to venfy transducer data, At 

1850 m u t e s  mto the pumpmg test the water level deched below the transducer m the pumpurg 
well Although t h ~ ~  portlon of the curve was not used for analyss, the total drawdown m the 
well was veMied wth  manual measurements Adhtronally transducer data occ8s1onally 
fluctuates and where a fluctuauon occurred m the transducer data the curve was adjusted to 

reflect the hand measured water levels These mmw fluctnat~ons were observed m transducer 
data from most of the observatlon wells Transducer data and manual measurements for the wells 
m Site 2 are mcluded 111 Appendm B 

6 2 3  Slug Test 

A slug test was conducted m bedrock well OB20191 on June 19 1992 The slug test was a 

nsmg head type test achleved by rapid removal of water by pwnprng @ 
The site configuration was slmilar to that used for the pumpmg test, except the submersble pump 
was placed m well OB20191 In thts well the top of the bedrock IS 35 46 feet below TOPC and 
the bentomte seal IS 33 26 feet to 36 46 feet. By plamg tbe pump so that water would not be 
evacuated below the top of the bedrock, preferably withm or just above the bentomte seal 

dramage from the filter pack could not occur This was accomplrshed by placlng the pump about 
33 feet below TOPC The transducer was hung 5 feet below the pump and fitted wth a ground 
w e  With the a d  of synchrowd stop watches the pump and the data loggers were started 

slmultaneously The pump was pre set at a hlgh rate of flow so that evacuauon of the well bore 

storage would occur wthm less than a mmute The pump was started at 1330 hours and turned 
off as soon as the pump stopped dwhargmg water A volume of 6 4  quarts of water was 
pumped m 25 seconds 
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A 7 4-foot column of water was rapidly pumped &om well OB20191 (Figure 48) The response 
m both bedrock observatlon wells, well 12491 (Figure 48) and OB21 191 (not shown) were small 

but clear The most dstant alluwal wells 5691 11491 and OB20491 Qd not respond to the 

removal of the slug of water The data for alluvlal well OB20291 (Figure 49) located only 9 1 

feet from the slug tested well mQcate a response but &play htle recovery (Appenh B) w i t h  

the recorded tune mterval This response m the alluvlum macates that the bedrock at Site 2 

behaves as the second layer of a smgle two-layer unconfimed hydrostratlgmphc umt of whch the 

alluvium emts as the upper layer 

6 2 3 1  QualttyAssurance 

Pnor to muahon of the test, the data loggers and transducers were tested to assure accuracy 
In additlon manual measurements of the water levels m the pumped well were used to vedy 
transducer data 

6 2 4 Water Quallty Parameters 

Dwharge water was penodmUy checked usmg appropnate on ate mtnunents to detemne 

pH SC and temperature Headspace gases at the wells were slmdarly checked for total volatdes 
The pH of the ducharge water ranged from 7 7 to 8 0 The SC was measured usmg the Fucher 

Saenufic Speclfic Conductance meter cahbrated at 1 OOO Wcm at 25°C The SC of the 
Qscharge water ranged from 570 to 720 pUcm at 25°C Orgame vapor m the breathrng zone &d 

not exceed 0 0 ppm at any of the wells 
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6 3 ANALYSIS OF PUMPING TEST DATA 

6 3 1 Comderabons 

Wellbore storage was calculated with the Schafer method (see above) used for Site 1 Usmg a 
transmlssivity of 187 gpd/ft, 4 the me after whch the effects of delayed veld are neghgible 
IS 0 006 days or 8 mmutes Because the first 16 m u t e s  of data compme a small part of the 
analyzed data and the pomts from about one mmute fit the Thels curve well effects from 
wellbore storage were considered msign.&ant. 

The background water level trend was &used prewously m Secbon 6 2 2 2 There IS no clear 
trend m background data mdcatmg a constant rate of drawdown (Figure 47) merely a recovery 
that 1s not 100% of the drawdown In addmon background data collected after slug testing of 
well OB20191 (Figure 48) does not m&cate a trend of deche Immdately precedmg the 
pumpmg test. For these reasons it was not considered d m g  the a n a l y s ~ ~  

@ 

The pumpmg well IS fully penetramg and the observabon wells are completed either wholly m 
the alluvlum or wholly 111 the bedrock sandstone as designed wth the excepbon of wells 
OB21 191 and 11491 Well 11491 does not fully penetrate the alluwal m a w  However it IS 

the most distant observabon well and its parttal penetrabon IS not beheved to sigmficantly affect 
test results Well OB21 191 was mstalled as a bedrock well However complebon data reveals 
that the filter pack extends over two feet mto the alluwum T ~ I S  well was not logged but based 
on the logs of wells 12491 and 11391 (Figures 19 20 and 21) the alluwum may rest drrectly on 
the sandstone bedrock. Consequently the aqufers must be hydraulically mtemnnected the 

degree of mterconnectedness IS the lssue of concern at thu test ate It IS clear that dtrect 
mterconnecaon emts m the northwestern part of tlus site In addmon based on the response of 

bedrock well OB21191 (Figure 47) to the pumpmg of alluvlal well OB20291 and the response 0 
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of alluvial well OB20291 to slug testmg of bedrock well OB20191 an mterconnectron ems& m 
the rest of the site as well 

Precipitabon occurred d m g  and after the test (Figure 12) Recharge to the system IS not ewdent 
dunng the drawdown phase and the lack of usable recovery data makes adjustment of the 
recovery data unnecessary 

Delayed yeld m the observabon wells of the Site 2 well field was estunated usmg the method 
of Walton 1962 descnbed 111 &&on 5 3 1 above Usmg an average saturated thlckness of 10 8 

feet, an assumed hydrauhc conducttwty of 17 3 gpd/ft? (8 14J04cmls) and an assumed speclftc 

yeld of 0 1 the tune for the effects of delayed yield for wells between 0 7 and 20 feet from the 
pumpmg well IS 2 3 days The pumpmg test lasted less than 1 5 days Typical delayed veld 
curves are not apparent m the log log plots of the tune drawdown data for observatron wells 

OB20491 5691 and 11491 (Figures 50 through 53) An attempt to fit the log log plot of the 

tune drawdown data for well OB20291 pigure 53) the pumpmg well to a delayed p l d  curve 
was unsuccessful 

The log log plots of the drawdown data for the pumpmg and observatron wells show departures 

from the Theis curves These departures are cornstent wth decreases III transmmnty at some 
dlstance from the pumpmg well If this condttron IS treated as an unapary mpermeable 
boundary the poutton of the boundary may be estmated usmg a method outhed by Fern et 
al (1962) 

ri = rr(qtr)"L 

where r, = 

r, = 

radtus to the mage well fkom the observmon well 
m&us to the pumplng well from the observation well 
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$ =  tune at any pomt on the curve after the boundary effects are 

apparent, where the drawdown s, represents the mtexval of 
departure of the curve from the Thefs type curve and 
tune on the curve where the drawdown (h) on the type curve 
1s equvalent to 4 

4 = 

The log log plots of tune drawdown data of wells 5691 11491 and OB20491 (Figures 50 and 
51) were used to find the locatson of the boundary A plot of the cmles generated by the 
calculated radu are shown m Figure 54 The locatson of the mage well that would cause the 
observed departures s about 65 feet north of the pumpmg well. Thrs locatson fs consrstent wth 

a sigmfkant reductson m transmlssiwty less that 33 feet north of the pumpmg well Values used 
to fmd t h s  boundary are 

In order to confirm the presence of d e c h g  transmmivity to the north of the pumpmg well 
another pumpmg test would mcllcate whether the departure from the Thes curve 1s repeatable or 

addittonal d d h g  m the area of the boundary may defrne a zone of reduced transrmsslmty 

632 AnalpealResults 

The well parameters used to analyze the test data for each well axe prowded m Table 4 The 
pumpmg rate used for analym fs 0 35 gpm whlch 1s based on the average pumpmg rate for the 

mterval whch was analyzed This mterval fs the fmt loo0 mmutes of pumpmg before the 0 
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boundary effect becomes apparent. The saturated hcknesses used for calculabons are given m 
Table 4 and represent the rnterval between the stahc water level (pre test) and the base of the 
filter pack 

903 Pad,Mound andErptTrCbChC8 Area Date A U ~ U S ~  14 i ~ z  

The results of the two methods of analysis are complled m Table 4 The results are very smllar 

for the three observahon wells with less than an order of magmtude drfference occumng between 
the methods for each well and between wells for each method. Values on the order of lo3 c d s  
were found using both the Cooper Jacob stmght h e  method (Figures 55 through 57) and the 
Thels method (Figures 50 through 52) The hydrauhc conductmty of the pumpmg well 
OB20291 was evaluated usmg both the Cooper Jacob (Figure 58) and Theis method (Figure 53) 

as an order of maptude lower than the other wells The The= analyses of the observabon wells 
are beheved to be Type A curves These are early tme curves conslstent wth the confined 
response of the aqurfer The values of storatwity support this observatton wth values rn the 
confined aqulfer range The "hers analysls of the pumpmg well supports a late m e  or Type Y 
curve wth a storage coefficient in the unconfined range mdxatmg that delayed yeld had 
occurred w i h  the very early part of the c w e  The Thels Recovery method of analysls was 
not used for any of the wells sl~lce the recovery data was not appropnate for analysls The 

I boundary effects are conslstent with a reducbon m pemeabhty or avadable saturated hckness I 

In summary the pumpmg test at Site 2 mdlcates mhomogeneous ma ted  with a transmlssivity 
of about 4 07 x lo-* ft?mm wthm a radius of about 30 feet of the pumpmg well 

6 3 3 Slug Test Results 

The analysls of the slug test conducted m bedrock well OB20191 (Figure 59) provides an 

estmate of hydrauhc conductmty of 9 605~10~ fVmm (4 88~ lob  cds) for sandstones at Site 2 
The parameters used for the calculabon are as follows 0 
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water table 

I I 

IMPERMEABLE BASE 

where r, = radw of the well casmg 
r, = effectwe d u s  of the well 
so = change m water level m the well as a result of the removal of a slug of water 
L = length of the fdter pack 

b =saturatedh~hess and 
H = mterval from the water table to top of tbe mpermeable base 

~ 

The analyzed value of hydrauhc conductmty 1s an order of magmtude lower than that analyzed 
from the step-drawdown test recovery data, but it 1s muonable given the vanatlon M abundance 
of clay m the sandstones and the small radms of mvesbg&on of the slug test. 
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I 7 0  SITE3 

7 1  TESTDESIGN 

Site 3 was designed to evaluate hydrauhc charactenstics of the Rocky Flats Alluvium as an 
unconfined aqulfer where it s not underlam by Arapahoe sandstone but by Arapahoe claystone 

as dlustrated 111 Figure 3 The Arapahoe claystone was also momtored to detect a response 
dung  pumpmg of the alluvium m order to evaluate the degree of mterconnectedness wth the 
alluvium 

Well field spacmg and lnstallauon and completron specrficatioas as set forth m TM3 were based 
upon hydrogeological parameters denved from the log of a well abated wthm the test site area, 

alluvial well 1787 In adQuon prelunmary analyUcal eshmates of the expected radm of 
influence and the effects of wellbore storage delayed yeld, and boundaries were calculated 
usmg the hydrogeological charactensfics of h s  well 

0 

Site 3 design utdned one exlstmg observauon well 1787 and requmd the lnstallahon of three 

addrtional wells two observahon wells one open to the allmum (OB20591) and one open to 
the claystone (OB20791) and one pumping well (PW20691) Figure 21 illustrates the COmpkhOn 

mtervals of the observabon and pumpmg wells and Figure 60 rllusttates the mhal offset of the 
new and emtmg observabon wells from the pumpmg well 

Drrllmg began wth the observation well closest to the proposed location of the pumpmg well 
The core was exammed by the EGBiG hydrogeologst to evduale whether the ate was conastent 
wth the test scenario A step drawdown test was not conducted mce the spacrng of the 
observation wells were already as close as was pracucable 
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Completlon and well deugn mfOrmahOn for all of the wells at Site 3 IS supphed rn Table 5 

Pumpmg well PW20691 was W e d  to a depth of 25 8 feet, IS open to the Rocky Flats Alluwum 

from 3 8 to 25 0 feet below ground surface and has a 2 mch casmg/screen dwneter made a 10- 

mch borehole The pumptng well was not cored or logged, however the hthology IS assumed 

to be sunrlar to observatlon well OB20791 located 5 54 feet to the north Well constructlon and 

hthologic mfomatron for all wells is p e n  m Appendur A. Well development mformatlon for 

the new wells IS also rncluded m Appendm A 

Observatlon well OB20791 was dnlled to a depth of 365 feet and IS open to the Arapahoe 
Formauon claystone from 28 7 to 34 5 feet below ground surface Observabon well OB20591 

was not cored but IS assumed to have a hthology smku to observauon wells OB20791 and 1787 

that IS gravelly sand wth some clay or a sandy clayey gravel e 
The saturated thickness (water level to top of bedrock) ranged from 12 77 feet m well 1787 to 
11 77 feet 111 well OB20591 The saturated th~ckness m the pumpmg well was mtermedmte at 

12 04 feet. Pre test statlc water levels were between 12 to 12 5 feet below ground surface m the 

alluvial wells the water level m the claystone well OB20791 was at 26 62 feet below ground 

surface 

A geologic cross sectlon was constructed to flustrate the hthologic and hydrogeologic settmg at 

Site 3 (Figure 61) 

7 2 DATA COLLECTION 

Four wells used tn the pumpmg test were configwed for electromc data loggmg of water levels 

The site was cofligured s d a r  to that for the pumpmg test at Site 1 A Grundfos submeruble 

pump powered by a 230-volt gasohe powered generator was used for the step drawdown test. 
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However attempts to use the submeruble pump and a valved down Qaphgm pump were 
unsuccessful at the low pumpmg rates requrred for the pumprng test, therefore a penstalttc pump 
was used The transducer cable and drawdown tube were hung at about 20 feet from TOPC 
The end of the penstalttc pump mtake tubmg was placed very close to the bottom of the well 
about 24 feet from TOPC A &esel generator provided power to the pump 

7 2 1 Step drawdown Test 

As set forth m SOP GW 08 (EGBtG 1991d) an evaluatton of the expected yleld usmg a step 
drawdown test was performed Results of b test and three aborted pwnpmg tests were used 

to estunate a pumpmg rate the duratton of the effects of wellbo~ storage and the raQus of 
mfluence (Appendm B) HydraSc conductance was also esbmated so that the maxlzLlum 
drawdown rn the pumprng well could be predicted Results of thrs test m&cated that all 

observatton wells would be wrthrn the drawdown cone at a pumpmg rate of 0 06 gpm and that 
wellbore storage might be signdicant. A m8xLmum drawdown of 3 0 feet (25% of the saturated 
thickness of 12 04 feet) was not expected to occur for the d a o n  of the pumprng test. 

@ 

7 2 2  PwnpmgTest 

The constant rate pumpmg test at Site 3 was mtlated on May 20 1992 at 1552 hours With the 
a d  of synchroruzed stop watches the pump and the data loggers were started sunultaneously 
The pump was shut down at 0940 hours on May 26 (8268 mmutes smce pumpmg started) 

concludmg the drawdown phase of the test. Recovery and background water level trends were 
recorded for an addmonal8446 mutes The test concluded at 0834 hours on June 1 1992 
Drawdown recovery and antecedent water level trends are presented m Appendm B 
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The wells at Site 3 mclude well PW20691 as the pumplng well 1787 and OB20591 as alluvial 

observabon wells and OB20791 whtch IS open to Arapahoe Formstton claystone as a bedrock 

observatlon well. Water level data for these wells mmedrately pnor to pumpmg IS presented 
m Table 5 Water levels m the wellfield were between 12 and 12 5 feet below ground surface 

111 the alluwal wells and 26 6 feet below ground surface ln underlylng claystone bedrock. These 
levels were measured by hand w g  tapes referenced to ToPC 

The maxlIllum drawdown observed d w g  the test was 2 72 feet m the pumpmg well (Figure 62) 
1 08 feet m well 1787 and 1 13 feet m well OB20591 Recovery and post pumpmg background 
water level data was collected for almost 6 days Based on recovery data for well OB20591 

there IS a strong background water level trend This trend IS apparent ln the recovery hydrograph 
of the pumpmg well (Eigure 62) The average declme m water level IS 0 1 foot/day T ~ I S  same 
trend IS evident rn the recovery data for wells 1787 and OB20591 0 
7 2 2 1 Factors Affemng The Test 

Fluctuatmg dmharge and mablllty to sustlun a low pumpmg rate wth the Re& Flo II pump 
necessitated the use of a pemtaltlc pump The test configunuon used two Geotech penstalttc 

pumps 111 senes wth 3/8 mch &meter mer dscharge tubmg Dunng ducharge only one pump 
was used with the second m senes back up mode T ~ I S  enabled altemauon of pumps for cool 

down and flexlble tubmg change Pump changeover was accomphhed m less than 2 seconds 
Power supply was contmuous throughout the drawdown phase 

Pumpmg dwharge was measured throughout the penod of pumpmg httal flow rates were 

0 056 gpm The flow rate range was between 0 048 and 0 065 gpm resultmg m an average of 
0 056 gpm 



7 2 2 2 Quallty Assurance 

Manual measurements of the water levels m the well were used to verify transducer data. Mmor 
fluctuatlons were observed m transducer data from the observahon wells whch were also 

adjusted to hand measurements Transducer data and manual measurements for the wells m Site 
1 are mcluded m Appendu B 

The results of data a n d y s ~ ~  methods for constant rate drawdown aquder tests are most accurate 

when discharge ram are constant durrng pumpmg The changeover of pumps and subsequent 
adjustment of rate had an unpact on the drawdown curve as can be Seen m Figure 62 However 
these fluctuatlons when taken m context of tbe entue curve can be neglected d a g  analys~~ 

0 The strong background water level deche dunng the test mterval necessitates adjustment of both 

the drawdown and recovery data for the wells at Site 3 Adjustment by a factor of about 0 1 foot 
per day was used 

7 2 3 Water Quality Parameters 

Dscharge water was penod~cally checked usmg appropnate on site mtrwnents to measure pH 

SC and temperature The pH ranged from 6 92 to 7 8 The SC of the water was measured usmg 
a meter cahbrated at 1 OOO jNcm at 25°C htlal measurements ranged from 723 to 790 cIs/cm 
and represent those of 111 situ formatlon water dmharged durrng the pumpmg phase pnor to 
mjechon of KBr tracer at approxunately 75 hours 111to pwnpmg 
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724 TracerTest 

A ra&al flow mduced gra&ent tracer test was conducted at Site 3 usmg well OB20591 as the 

mjecbon well and well PW20691 (the pwnpmg well) as the detechon well (Figure 60) To 
assure a constant gra&ent between the mjecbon well and the detection well drawdown data for 
the two wells was evaluated for steady state con&bons necessary for the analysrs of ra&ally 
convergmg tracer tests (Sauty 1980) After appromately 75 hours of pumpmg drawdown data 

from well OB20591 and well PW20691 mdicated that the wells were at steady state The test 
was begun at 1852 hours on May 23 1992 and conttnued untd the pump was shut down at 0940 

hours May 26 1992 or a penod of 62 8 hours KBr was also used as the tracer at Site 3 for the 
same reasons cited for Site 1 Water level and SC data were collected throughout the tracer test 
to momtor the hydrauhc grahent. 

7 2 4 1 Introducbon of Tracer to the Aqulfer 

An mual mass of 5 5 pounds of reagent grade KBr was drssolved m 15 gallons of drstdled 
water Complete mmng of the solute m the casmg was accomphhed by the same method used 

at Site 1 dmussed m Secbon 5 2 4 1 that IS with tubmg and a funnel The solute was added 

to the middle porhon of the screened mterval and m m g  m the well was accomphshed by 
rapidly rrusmg and lowemg the tubmg m the well 

7 2 4 2 Procedure for Collecbon of Field Data 

Pnor to the mtroduchon of the tracer the SC of the pumped water was measured to e s t a b u  a 

background readmg A Fmher SClenMic Model 152 Spec& Conductance meter Model 152 
was cahbrated usmg a standard solubon as specrtied by the manufacturer After mtroduchon of 
the tracer to the m-on well SC measurements of pumped water (from the detecbon well) were 
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made penod~cally untd the readmgs mdicated a fise m the SC At thui pomt m m e  SC 
measurements were made every 30 m u t e s  through the peak of conductance Samples were 
collected for later laboratory measurement of bromide ions The field SC peak was detected 111 

well PW20691 at 1401 hours on May 24 (Figure 63) Field values are given 111 Appendm C 

7 2 4 3 Procedure for Collecuon of Laboratory Data 

The response of the Onon Model SA250 pH meter was used to measure the bromide 
concentratton 111 mV of the samples collected 111 the field Tbe results were then compared with 

a prepared cahbrauon curve to detennme correspondmg bromde concentmuon The results and 

the curve are presented m Appendm C 

The method of prepmuon of the cabbrauon soluuons and tbe measurement of bromde ions IS 

the same as that for Site 1 discussed m Sectton 5 2 4 3 Field SC values peaked about 13 hours 

earher than laboratory analyzed Br concentmuons whch reached a hgh m a sample collected 
at 0120 hours on May 25 (Figure 63) The reason for the confllchng results has not been 
determmed 

All samples from Site 1 were re tested for Br and SC resultmg 111 the same values denved from 
the first malysls Agam the field SC peaked at the same tune as the laboratory analyzed values 
of SC and Bi Although this &d not explam the anomalous readmgs for Site 3 it &d 
demonstrate that the mstnunentauon was worlung correctly 



EG&G R O C W  FJATS PLANT Revbioo No.. O W F t n r r l  
F M  pbrse II RFI/RI Aquifer Test Report Pa@ 51 of60 
903 Pad, Mouml and East Trenches Art. 
(Operabk Unit No. 2) o%aaiution. Environmental nagement Au%2 l4 

Date 

7 3 ANALYSIS OF PUMPING TEST DATA 

7 3 1 Considerabons 

Wellbore storage effects for pumpmg well PW20691 were evaluated usmg the Shafer method 
(1978) used for the other two sltes Smce the hydrauhc conducbvity of the filter pack IS much 
greater than that of the surroundmg formabon the effectwe radius of the filter pack (r,$ was 
added to the equabon as follows 

where r,, = ~ ~ I U S  of the borehole 111 feet (0 417) 
0 35 = effectlve porosity of frlter pack 

Usmg a transmissivity of 30 9 gpcVft and an rQ of 0 24 feet, 4 IS 0 74 days or 1069 mmutes 

Thrs was taken mto consideration m analysts of the data. 

Delayed veld m the observahon wells of the Site No 3 m g  the method of Walton (1962) and 

assummg a specific yeld of 0 1 a hydrauhc conductmy of 2 56 gpd/ff and an average 
th~clcnes of 12 feet suggests the tune r e q m d  for the effects of delayed veld to be neghable 
IS 17 5 days Pumpmg at Site 3 lasted for only 5 days delayed yleld IS not apparent on the 
hydrograph of well PW20691 (Figure 62) 
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No evidence of boundary effects were seen m the drawdown data of the wells at Site 3 The 
pumpmg well PW20691 IS fully penetmng Precipitabon Qd occur d w g  the test (Figure 13) 
but recharge IS not evident, especially m hght of the strong background water level deche 

Recovery and background data for well PW20691 mQcate d e c b g  background water levels 
(Figure 64) Therefore it IS necessary to extrapolate the WIter level trend pnor to pumpmg or 

after recovery through the pumpmg penod (Walton 1991) and determme the resultmg drawdowns 
had background water level changes not occurred In the case of Site 3 post pump test water 
level trends were used to correct the observed drawdowns as follows 

A h e a r  plot of recovery data was generated for each well Plots showed a h e a r  
trend for the post recovery water level readtngs Each well showed a h e a r  
decrease m water level readmgs 2000 mmutes after pumpmg stopped 

A hear least squares regresston was performed to detemme water level deche 
as a funcbon of tune The results 8ce as follows 

Water Level 

(ft/mm) 

R Squared 

7 27E 5 7 24E 5 7 33E 5 
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e Water level observattons wen? corrected pnor to analysu by subtractmg the 
background water level trend from the depth to water observations d w g  the 
pumpmg test and recovery penod 

7 3 2 Analytlcal Results 

The well parameters used to analyze the test data for each well are provlded m Table 6 The 

pumping rate used for analysls of the wells at Site 3 IS 0056 gpm The saturated th~clcnesses 
used for calculabons are given m Table 6 and represent the Merence between the pre test stattc 
water level and the top of bedrock The rehabrllty of the data collected d u n g  this test IS 

compromised by several factors mcludmg the very low pumpmg rate changeover of pumps 
requmg pumping rate adjuStment, the very small r a d d  Qstances and the strong background 
declme rn water level Addittonally at each pump changeover the rate was slow m~ally then 
sped up as the tubmg became more pllable 

0 

The results of the three methods of analyw are cornphi  m Table 6 Figures 65 through 73 
present the graphs of the three analyt~cal methods the Cooper Jacob stmght h e  analys~~ the 
Theis analyss and the The= recovery analyss Values of drawdown were corrected to s for 
the Theis and Cooper Jacob analyses The hydrauhc conductmy obtarned from the Thes 

analyss of drawdown at well OB20591 IS about an order of magmtude less than that obtamed 
from wells 1787 and OB20591 l h s  dtfference may be a result of aquder heterogeneittes The 

hydrauhc conducttvity of PW20691 IS consstent wth that denved from the step test recovery 
data (Appendu B) 

Storatlvity values are surpmmgly lugh (Table 6) and are border h e  charactemts of unconfined 
aqulfers Th~s mdxates that delayed yeld would have already occurred wluch IS not supported 
by the eshmates pmmded above /. 
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Although the data reqwed mampulabon for analym and was adversely affected by the factors 

menboned above the close values of the results should lead some amount of confidence m the 
test. The hydraultc conductlvity of the matenal IS very low and it responds to pumpmg m a 
manner sundar to ordmry porous medm However some of the deviabon from ideal behamor 
may be related to the effect of fractures and delayed release of water from storage m the clayey 
matenals 

Observabon well OB20791 open to the claystone of the Arapahoe Formabon did not respond 
m a charactensbc manner Drawdown and recovery curves (Figure 74) show an overall mcrease 

m the water level dunng pumpmg followed by a contrnned mcrease m water levels d m g  
recovery The claystone 1s clearly not part of the uppermost hydrostratqgraphx wut as it does 
not respond to the pumprng of the alluvium with drawdown. The pre test elevabon of the water 
level m the claystone was over 14 feet lower than that of tbe alluwum reflects a condmon 
of diseqwhbnurn and m&cates that the degree of mterco~ectedness IS small T h s  

disequhbnum may represent mcomplete recovery after development. 

0 

7 4 ANALYSIS OF TRACER TEST DATA 

Tracer test data for Site 3 were analyzed usmg the same method as that used for Site 1 Type 
curves were generated (Figure 75) for Peclet numbers of 1 3 10 30 100 300 and lo00 
Laboratory analyzed values of Bf concentrabon and field values of SC were plotted wth 

dunensionless concentrabon versus ~ a l  tune (t) on the same scale as the type curves (Figures 76 
and 77) The Bf concentrabon could not be successfully fit to the type curves Parameters used 
for the Site 3 calculabons are prowded tn the schemabc below 
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Dctculonwell 
PW20691 

XIlJamIl well 
OB20591 

I R=5 84 I 
4 

h2 I 
The plot of field SC was curve matched to a Peclet number of 20 and a t of 0 95 days Ths 

yields a longitudmal w m v i t y  of 0 29 and a kmematlc porosity of 1% This value of effmve 
(lunemabc) porosity IS unreallSQcally low 

The poor results of the Br and SC tracer test data are coaslstent wth the fact that the curve of 
the laboratory analyzed Br concentrauon IS much broader than that generated by the SC data. 

Addibonally the peak amval tunes m wdely dwergent wth 19 2 hours after mjectlon for the 

SC and 30 5 hours for the Br As drscussed m Secbon 7 2 4 3 it IS not known why this 

occurred 

Of the two sets of data, the laboratory analyzed Bf concentrations are belreved to be more 
rehable However all of the data acqmd for the Site 3 tracer test should be used wth cauhon 0 



EG&C ROCKY FLATS PLANT Revlslon No 0 DraftFmd 

903 Pad, M d  and East Trenches Area Date August14 1992 
(Operable Umt No. 2) Organmtnon Enwonmental Manag-ent 

F a  Phase II RFI/lU A q d e r  Test Report Page 560160 

8 0 CONCLUSIONS 

Three pumpmg tests one slug test and two tracer tests were conducted on the Rocky Flats 

Allumum and the Arapahoe Formatton uppermost sandstone m the OU2 axe8 between Apnl28 

and June 26 1992 Results of the tests (Table 7) serve to confirm the presence of hemgencracs 

in both the alluvlum and the bedrock. 

The tests charactenzed the hydrogeologcal scenanos as set forth ln TM3 and wen conducted 

as planned at Sites 1 and 3 The Site 2 test was redeslgned as a result of pumpmg well 

abandonment and the unexpected presence of a claystone layer at the d u n u r n  bedmock 

unconformity The presence of the claystone between the allunum and the sandstone is 

lnconsistent wlth the test scenano of a dlrect hydraultc connectton between the alluaum and the 

sandstone A pumpmg test of the allunum was conducted. Observaaon of the bedrock wells 

wthlll the test area showed a clear response to pumpmg of the allunum and mhcatcd a 

si@icant hydrauhc mterconnectton Addmonally slug testmg of bedrock well OB20191 

affected the water level m the closest alluwal well OB20191 undersccmng a strong hydraulic 

l~terCOnn€XhOn 

@ 

The pumpmg test of the allunum at Site 3 drd not produce a response m a well completed m the 

Arapahoe claystone consistent with a si@icant hydrauhc connectlon The claystone is clearly 
not part of the uppermost hydrostrattgraphc umt, as it dd not respond to the pumping of the 

alluwum wth drawdown 

The hydrauhc conductmues of the alluwum vary from the lo3 to lo4 cm/sec range at Site 2 to 

lo4 cm/sec at Site 3 representmg the textural heterogeneihes of the sites Even though the 
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Date 

matenals of both sites consist predommantly of clayey sands and clayey gravels a mrno~ well 
graded gravel near the base of the allumwn at Site 2 may be rcsponslble for the site s h r g k  

hydrauhc conduchnhes 

Tests conducted on the uppermost Arapahoe Fonnaaon sandstone produced hydrauhc 

conduchvltles that vary by two arders of magmtude A pumpmg test perfarmed at Site 1 yelded 

values of hydraulic conducavmes m the range of lo4 cm/sec for the well sorted sandstones 

Conversely a slug test of well OB20191 at Site 2 produced a hydra& conducnmty of 4 88 x 

IO4 cdsec for the clayey sandstones The Merence of the two orders of magmtude is 
consistent wth the wide range of clay content found m the sandstones fepresentahve of each site 

Tracer testmg of the sandstone at Site 1 and the alluvlum at Site 3 pmwded estunates of 
longmdmal d~spersimty and lanemauc porosity nable 7)  The Site 1 test produced consistent 
results for both field and laboratory analyzed data. The Site 3 test may well have been rmpactod 

by adverse field con&nons mcluhg a low pumpmg rate and a d e c b g  water table The field 
and laboratory analyzed data yeld mconsistent results and should be mewed wth skepaasm 

The very small &stances between the injechon and detecnon wells at both sites is apparent in 
the low values of the scaledependent longtudmal dlspersivlty 

I 
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Table 1 

Site No 1 Well Spedfications 

~ 

Well Number 

Dlsumce to p m p g  we& 

Saturated Uucknas at start 

Org vap @ wellheadppm 

ft 

of pumpmg 

cbrearhrns =) 

obsavaaon 

2087267 79 
749974 44 

5 951 97 
5949% 
594946 

91 
30 
9 75 
dry- 
-dry- 
14 4 

w 
allUVtum 

16 95 

NA 

NA 

OB21091 

olwlvahcm 

2087282 14 

749 997 08 

5 950.23 
5 94857 
594807 

11 0 
17 0 
63 8 
27 55 
31 04 
680 

Ka 
t4mdsmC 

m 98 

33 15 

00 

rw2Q891 

prrmping 
2M7285 03 

749 976 87 

595202 
5 949 85 
594935 

ND 
18 0 
640 
27 13 
34 18 
640 

Ka 
sadsun& 

00 

30 619 

00 

OB20991 

ObmNath 

208728668 
749 97090 

5 951 61 
594978 
5 949.28 

90 
18 5 
65 0 

2754 
33.24 
70 0 

Kasandst, 
CkyMare 

569 

2806 

00 

3687 

ob#mdar 

zwas 04 

749979 12 

5 951 72 
5 W 6 7  
594904 

74 
18 1 
63 6 
2735 
3157 
745 

KaSanda 
slltstaae 

10 73 

33 15 

00 

1) Top Of Protechve caslng used a~ water level datum. 

2) Dunng 1991 well d n h g  and logglng all porn below ground surface wm 
referenced to ground aurfaca mtb a datum of 0 0 feet. Followq well mstallatm 
at 05 foot h c k  amcrcte pad was lmd then a u w t l y  land aurveyd f a  elmtiaa 
byManck 1992 Thesemasunmntswaenportedas ground andanlirtbd 
above as top of &inch well pad. 

3) Water leveydeptb indicated is just prior to initiation of pumpmg at 1730 hours on 
A N 2 8  1992 

4) Water level/dcpth at tcrmmahon of pumplng on May 4 1992 at 1723 houra 

5) Saturated thicknesses am basad on feet of pamable mts. 

6) Assumed value based on average of saturated thicknesses in 3687 and OB20991 



Table 2 

Site 1 Analytical Results 

WELLNUMBER I 3687 I OB20991 I OB21091 I PW2€891 

I 36.87 I 3625 I 3646 I 3745 
satmated m- (ft) 

(saturated permeable mts) 33 15 2806 33 15 30 61 

m P m g  Rate (gpm) 162 162 162 162 
Jhtance to PMlmn Well (ft) 10 73 569 20 98 0 42 

THEIS ANALYSIS (AQTESOLV) 

Transmwiwty (ft2h.llm) 
Traastussiwty (gpd/ft) 

Hydraulic ConduchWy (cm/se.c)(filter pack) 
Hyafaullc Cooduct~v~ty (ft/mm) 
Hydra& Conduchvlty (cm/sec) 

(pe.€me.able unlts) 
Storage Coefficmt 

1254 
-0 863 
4 879 
0999 
27 44 

30 
0 091 

3 1 6 1 W  
3405 

4 43E-04 

4844E-04 
7 903E-03 
3 014E-03 

3 1 1 8 W  
335 9 

4 370E-04 
0 000860138 
4 n8E-04 

4296Eo3 

1164 
0546 
0 339 
0 913 
191 
100 

0002 
3 40- 

366 8 
4 744E-04 

6 164E-04 
8 512E-03 
8 03OE-04 

1235 
-0624 

3203 
0 998 
18 02 
40 

0 045 
3 m w  

345 7 
4 353E-04 

4 918E-04 
8 023E-03 
5 2 5 4 w  

1415 
1419 
0099 
0 855 
056 
100 

0 001 
2802&02 

301 8 
38603-04 

4 m w  
7oo4E-03 
3606E-02 

2 943E-02 
317 0 

4 101E-04 
0 000807186 
5 3 2 8 w  

1535E-03 

3359E-02 3022EQ2 
361 9 3255 

4556Ecw 41643104 
00008!W29 000819637 
5147Ew 5972eeo4 

5128E-04 12543-02 
THEIS RECOVERY ANALYSIS 

Slope (Wdog(r/t )) 1328 1501 1303 NA 
Y Intercept 0 319 -0 310 -0 141 NA 
Coefficient of Deteamumon (R2) 0999 0 995 0 997 NA 
t (nun for U e 1) 29 1 2 5  19 0 NA 
t (mln used 111 calculahm) 40 9 72 NA 
u(uslogsfromcooper Jacob) I 0 073 I 0 027 I 0026 I NA 

A- 



Table2 contmed 

Site 1 Analytical Results 

0 104 

2 98- 
321 6 

4 183E-04 
8 23- 

4 184m 
NA 

0 052 

2 641E-02 
2845 

3 68Eo4 
7 24m 

3 679m 
NA 

0025 
3 042E-02 

327 7 
4126E-04 
8 122E-04 

4 126E-04 
NA 



-l 

7 

3 
2 
3 

_3 

cc, 
a3 

4 c. 



T-4 

Site 2 Analytical Results 

WJaLNUMBER I 11491 I 5691 I OB20491 I OB201 
12 89 
0 35 
23 88 

0 186 
-0 376 
105 035 
0 970 
590 82 
200 
0 295 

4 599E-02 
495 4 

181333-03 
3 568-03 
1906E-02 

12 89 
0 35 
830 

0 190 
-0 129 
4 789 
0904 
26 94 

50 
0054 

4 51oE-02 
485 8 

1777Eo3 
3 499E-03 
7 05533-03 

882 
0 35 
11 77 

0 138 
-0 093 
4 762 
0904 
26 79 

20 
0 134 

6223E-02 
670 3 

3 58433-03 
7 05533-03 
4 81333-03 

10 84 
0 35 
0 42 

0 457 
0 218 
0 333 
0 985 
187 
550 

Oo00 
1875E-m 
2020 

8 789E-04 
17303-03 
8 1ooE-02 



Site No 3 Well Speaficat~ons 

Well Number 

N-g ft 

Ele- (ft, MSL) 
TOFC') 
Top of Bmch pad 
Grwnd surface23 

bpth  from Ground Surhce 
Bedrockunconfomuty 
Top of filter pack 
Base of fdm pack 
Water level mtd3) 
Water level W) 
Total- ftp 
waterdepth M a y 2 6  1992 

@ 0 9 4 o b  

screenedllthology 

lhtance to pumpmg well ft 

Saturated tluckness at start of 

Org vap @ wellheadppm 

P m P m P  

Table 5 

1787 

ObSemhOn 

2 086,308 03 

749 415 25 

5,970 60 
5968 01 
5967 51 

249 
29 
255 
12.23 
13 31 
30 3 

16 40 

w 
1025 

12 77 

00  

OB20591 

Observaaon 

2 08a.316 41 

749 404 73 

5,969 83 
5968 01 
5,967 51 

242 
36 
246 
12 43 
13 56 
246 

15 83 

w 
584 

11 77 

00 

P P g  
2 086317.24 

749 410 51 

5.969 91 
5W09 
5 %7 59 

245 
38 
250 
12 46 
15 18 
258 

17.50 

w 
0 0  

12 04 

00  

OB20791 

obscrvaaon 

2 086317 61 

749 416 04 

596966 
596790 
596740 

245 
287 
345 
2662 
2636 
36 5 

28d2 
Ka clayst 
554 

NA 

00  

1) Tap Of Protcave Curing uged as water level datum, 

2) Dunllg 1991 well dnlllng and logging all poult8 below ground d a c e  wem 
d d  to gmmd surface with a datum of 0 0 fat Fdowmg wall lnstlllrtlon 
at 0 5 foot h c k  co~l~ctt pad was lad then subscqua~tly land surveyed far elevation 
byMeanck.1992 These-werereportedas ground andarchstcd 
above as top of 6-mch well pad. 

3) water levevdepth dcakd 18 just pnor to mhahon of pumplne at 1552 hours on 
May20 1992 

4) Water levtudtpth at tcrrmnatlon of pumpmg on May 26 1992 at ow0 hum. 

5) Saturated hcknm reflect chffmncc between top of bedrock md the 8t8hC wrta level 



Table 6 
Site 3 Analytical Results 

Trans~ussivlty (n'!rmn> 
Transrmssivlty (gpd/ft) 
Hydraulic CODduChvlty (dw) 
Hydrauk Coriductmty ( f b )  
Storage Coeffiaent 

Saturated 'lluckness (ft) 
PUmPmg (8pm) 
Distance to Pumpmn Well (ft) 

COOPER JACOB ANALYSIS 
Slope (as/dbs(t)) 

y Intercept 
x Intercept 

Coefficlealt of Demmmauon (R3 
t(rmnforU< 1) 
t (rmn used In calculauon) 
U 
T~msm~ssivlty (ft?/nun) 
Tnmslussivity (gpcVft) 

Hydrauk CoDduCh~ty (cm/Sec) 
Hydrauk Conductwty (ft/rmn) 

Storage Coeffimnt 

4o5oE-03 3 m 3  
43 6 35 5 

1612Eo4 1423- 
3171E-04 2801E-04 
4973E-02 6870E-02 

0306 
-0 772 
335 349 
0 780 
1886 34 

2Ooo 
0094 

4480E-03 
483 

1782E-M 
3 mE-04 
3 218-02 

0369 
-0864 

220 769 
0 462 
1241 82 
1500 
0 083 

3 7163-03 
400 

1604E-04 
3 157EO4 
5 411E-02 

"HEIS RECOVERY ANALYSIS 
Slope (ds/dlog(t/t 1) 
Y Intercept 
CoeffiueI.lt of Demmmtlm (R'> 
t(rmnforU< 1) 
t (rmn used 111 cakulahon) 

U (usmg S Erom Cooper Jacob) 

u (usmg s Erom ne& 
Transrmssivlty (ft?/mm) 
Translllssivlty (gpcVft) 
Hydrauk conduchvity (cm/sec) 
Hydraulrc conduchvlty ( f b )  
Storage Coeffiaent 

0 059 
0 235 
0 977 
3664 
14 
2 617 
4 045 

2307E02 
2485 

9 17- 
1-3 
NA = 

0069 
0 485 
0 983 
264 4 
18 
1469 
2440 

199!5E-02 
215 0 

8 612304 
1695E-03 
NA - 

0 443 
0 154 
0448 
0904 
2 52 
800 
OOOO 

3 090E-03 
33 3 

1304304 
25663-04 
1796E-02 

~ 

2866E-03 
30 9 

1 mE?-04 
2 380E-04 
3 04m 

1303 
2 931 
0904 
74 
45 
0 165 
0 279 

1052E-03 
11 3 

4 437E-04 
8 734Ee5 
NA - 

A -  



Pumping Test 

Slug Test 

'kacer Test 

Interval Tested 

Table 7 

OU2 Aquifer Test Results 

Slte 1 

41 x 104t046x lo4 

0 19 

12% 

site 2 

June 23 

June 19 

NA 

Rocky Flats Alluvium 

Ampahoe Formation 
SiUd!3tOI.E 

7 1 x 104t0 3 1 x la3 

NA 

NA 

site 3 

May 20 

NA 

May 23 

Rocky Flats Alluvium 

16 x lo4 to 12 x 1 0 4  

195 

0 3% 

Alluwal Pumpmg Test 
Bedrock Slug Test 
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SITE No 1 

ALLUVIUM DRY 
SATURATED SANDSTONE 

RCICKY FLATS 
ALLUVIUM 

#1 SANDSTONE 
CLAYSTONE 

SITE No 2 

SATURATED 
SATURATED y ROCKY FLATS ALLUVIUM & 

SANDSTONE ALLUVIUM 

C L A Y S T O N E L -  #1 SANDSTONE 

SITE No 3 

SATURATED 
UNDERLAIN 

V WATER TABLE 

i r . . . . . . . . . . . . . . . . . . . . . . .  
ROCKY FLATS 
ALLUVIUM 

ALLUVIUM 
BY CLAYSTONE 

> . .  . . . . . . . . . . . . . . . . . . . . . .  

CLAYSTONE 

-~ 

U S  DEPARTMENT OF ENERGY 
ROCICY Flat8 Plont Goldon Colorado I 

I 
HYOROLOGIC SE?TINGS 

OPERABLE UNIT 2 

NOTE1 NOT TO SCALE FIGURE 5 



~~ ~- 

U S DEPARTMENT OF ENERGY 
Rod<yflatsPlant Golden Colorado 

OPERABLE UNIT NO 2 
PHASE II Rfl/RI AQUIFER TEST 

REPORT 
Hydrographs of 2487 and 2587 
Background Water Level Trends 

FIGURE 4 AUQUST 1992 



U S DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden Colorado 

OPERABLE UNIT NO 2 
PHASE II RFI/RI AQUIFER TEST 

REPORT 
Hydrographs of 3391 and 11891 
Background Water Level Trends 

FIGURE 5 AUGUST 1992 



H ydrog raphs 
Alluvial Well 3587 

bl 

Bedrock Well 3687 

U S DEPARTMENT OF ENERGY 
Rocky FlatsPlant Golden Colorado 

OPERABLE UNIT NO 2 
PHASE I1 RFI/RI AQUIFER TEST 

REPORT 
Hydrographs of 3587 and 3687 
Background Water Level Trends 

FIGURE 6 AUGUST 1992 



a 

c) 

a 

U S DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden Colorado 

OPERABLE UNIT NO 2 
PHASE II RFI/RI AQUIFER TEST 

REPORT 
Hydrographs of 2387 and 4386 
Background Water Level Trends 

FIGURE 7 AUGUST 1992 
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a 

U S DEPARTMENT OF ENEMY 
Rocky R& Plant, Golden Colorado 

OPERABLE UNIT NO 2 
PHASE II RFVRl AQUIFER TEST 

REPORT 
Hydrographs of 3791 and 11691 
Background Water Level Trends 

flGURE 8 AUGUST 1992 
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U S DEPARTMENT OF ENERGY 
Rocky flats Plant, Golden Colorado 

OPERABLE UNIT NO 2 
PHASE II RFVRl AQUIFER TEST 

REPORT 
Hydrographs of 5691 and 11491 
Brrd<ground Water Level Trends 

FIGURE 9 AUGUST 1992 
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U S DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden Colorpdo 

OPERABLE UNIT NO 2 
PHASE I RFVAI AQUIFER TEST 

REPORT 

W(u) vs lfu 

FIGURE 20 AUGUST 1992 



SITE No 1 

ALLUVIUM DRY 
SATURATED SANDSTONE 

MULTI-WELL PUMPING TEST 

SITE No 2 

SATURATED ALLUVIUM & 
SATURATED SANDSTONE 

PUMPING TEST OF ALLUVIUM 
WITH PAIRED OBSERVATION 
WELLS I N  ALLUVIUM AND SANDSTONE 

SITE No 3 

SATURATED ALLUVIUM 
UNDERLAIN BY CLAYSTONE 

PUMPING TEST OF ALLUVIUM WITH 
OBSERVATION WELL IN CLAYSTONE 

v P 

ROCKY FLATS  
ALLUVIUM 

#1 SANDSTONE 

ROCKY FLATS  
ALLUVIUM 

It1 SANDSTUNE 

CLAY STONE 1 
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